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A B S fR A O f OP f f f l S I S  *
S e a o a r e s i t n t s  o f  t b s  s o l u b i l i t y  o f  e a l c i u s  io d a t ®  
t e a l ^ a r a t s  i n  s o w  p te g p h a t®  a n d  c i t r a t e  b u f f e r s  a r c  
r e p o r t e d *  G o l e r l t a e t r i e  d e t e r m i n a t i o n s  o f  t h e  p a  v a lu e s  
o f  t h e s e  v a r i o u s  b u f f e r s ,  b e f o r e  a n d  a f t e r  s a t u r a t i n g  th e m  
w i t h  c a l c iu m  l e a s t ® ,  a »  a l s o  r e p o r t e d *  . f h ®  r e s u l t s  
o b t a in e d  e r a  i n t e r p r e t e d  i n  t o r s o  o f  l e a  p a i r  f o r m a t i o n  
b e tw e e n  c a l c iu m  I o n a  a n d  p h e a p h a te  i o n s  o r . c i t r a t e  i o n s • 
U s in g  C .  xu P a v l s a ’  e m p i r i c a l  e q u a t i o n  r e l a t i n g  t h e  
a c t i v i t y  o f  a n  I s a  t o  t h e  i o n i c  s t r e n g t h  c f  t h e  s o l u t i o n ,  
I n s t a b i l i t y  c o n s t a n t s  f o r  t h e  s p e c ie s  tsuMjPQ^ C a f lP O ^ , 
C a B C i t  a n d  C a n i C lf c + ,  C e l t  «* c i t r a t e ) ,  a r e  c a l c u l a t e d  b y  
m e th o d s  o f  s u c c e s s i v e  a p p r o x im a t io n s *  f h ®  i n s t a b i l i t y  
c o n s t a n t s  o f  t h a  c i t r a t e  c a a p la x # #  a r e  d is c u s s e d  I n  
r e l a t i o n  t o  t h e  w o r k  o f  1 *  B e in g *
M e a s u r e m e n ts  o f  t h e  s o l u b i l i t y  o f  c a l c iu m  i o d a t s  
h e x a h y s t r a t s  i n  v a r i o u s  s o l u t i o n s  o f  ( a }  c a l c iu m  h y d r o x i d e ,  
( b )  e a l e iw a  b y d r a x M ®  a n d  g l y c e r o l  a n d  { c ) c a l c iu m  
h y d r o x id e  a n d  s u c r o s e  a r e  a l s o  r e p o r t e d *  f h a  r e s u l t s  a r e  
c o m p a re d  a n d  q u a n t i t a t i v e  t r e a t m e n t  I s  g i v e n  t o  e s t a b l i s h  
I n s t a b i l i t y  c o n s t a n t s  f o r  t h e  i o n  p a i r s  C a O lf  a n d  C a C + ,
( 0  ** glycerolJ *
X. Introduction
II, fto  tseteiitpa of tbe solubility -
- a o a a w w e n t f  *  ■
XXI#- tbs solubility of ealsJ.ua lo&aie: In 
, sosa phosphate solutions*
XV# She solubility of calcium ledate In
.sora eltrate solutions#
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Om of t o  oarlioot lodtcatiooo - of sosjplta formation 
by oaloium-wst' abtalnod in U§1 from Sabatioi1®- :■ 
instigation# - U> on t o  offtob of oibrabo in opposing 
t o  eoagulatioa of Mood., sorum* ■. $i&-blood mmm was 
regfty&od as a nogatito oaXXoM t o  omsnXstion ofwltiah 
wan testo»a  by. tte  pyosonco of omXoXum Iona* Sinot 
titrate piwontod ooaguiatiaa without prooiptotion . 
occurring# m  association b itoaa  oalolm  and oitrato. loaa 
oomod to bo a Xtkstity explanation* ■ ■
During to- following S3 yours Inamtiir# toward# . 
to#ailgation# on assaeiaMon of oalotm ions- with anions 
in solution m$  dsrlvod pytoipaJly from moclioal 
toowladgo# In modleino disorders OPO rooogmlaed which 
oro ■ attributed to look o f .caieim  in t o  b o d y  fluids* but 
this is  = not nmoasarliy m tm lM  tv m  dottmimtions of 
total. aaioXm* . i f  m lf eaioim  at frto ions is  offobtiv* 
in maintaining a normal aaloium b a lto s  to n  t o ,-ability 
of ealoto* to  Msoaiabawith organi# anions eould pyowido 
«n oxplamtlon of to##  Alooydpanolot* .
During ©ppwxlmatsiy tho &&m porlod t o  eossplot© 
dissociation toory for strong olootrolytes gained favour# 
eulmlnatlng in t o  lntosdonlo attraction toory  of Debyo
SugMU l* l  valent and ' m l m t  -
t o o t r o l y to  to  wary -dilute- m$mmm satobloa# Mm- t o n  
found to  to m t#  to  'Bm m & m m  w ith 'th e  D o % o ^ M to i ! ' '
eto&tiom* ’■'' to" toam$>ti.hs 'to explain  t o  bd to ie ta* ' of t o  
a to r  o t o t o ly t o i . i t  tm Mm found tot,*  by hismtog ' 
patoto o f'iohf to tmm ®pmlm of rtoood'or eeiro". 
otogOj tht proportiot mm then to' toaxtito* with’ t o ’ 
Behyo»BiMhol relationahlpa1 or appropriate Mplrtoiil'" ’ 
extensions' of ’these* ‘
' ■ In  10gS Bjerraa eucceate’d that pairing at oppositely 
ehapgsd lone occurred whoa'their distances apart x*# we 
lo ta ' than - a certain ©toiiaam' valni % : deluding on ' their 
v&lemiee t + ■ end. x_# ■ the dtotoetrto ■ constant ’ of - the ■ 
solvent %  and the absolute; tempemture f  * to deriving
the :value'*6f %' the potential1 energy;0*, of a negative ion 
a "short distance.. from a ■ certain ' positive ion w&a: , 
eoneldered' to  fee ■* "*+*»*♦ € x/  Mr ■ t o r a  t  t o ! t o  ’ ; 
etoetronie charge.# end 0 la taken os .the built dielectric; ■ 
constant of -the ' eoivent# fhe to h e r  of mmh mgative
Iona e t"e  d ie t t o e  * from t o e  poiltivo lea to' 
■proportito l' to  the ntWber ©f negative■ions to  a spherical 
t o i l  of radius r* and thlekneee 4r* t o  positive Ion :■
being the wntr# of the'sphere* fh to  is
a  * u/ «  ■’■%t4:#tr.#r ♦s+#e**s *dr# where h* la  th e  number of
Reg&tiw lorn per e*e* and 0 &$ tbs Boltgmam factor
•blah dataaairoa tfca probability of tb s- eonfiguratloa. 
fb is ®h&® plotted' agatnsfe' a?, tas a minirnm value
®Meh, by differeatiatlon# be ehcHn- to' be p. » <1 whars
2. 0 § «* «+.*S#* : ■'■ i f t i '  ' <J «  *!**&• ‘
i n  w a t e r  ' i t  § H ° M *  { 1  u n i t s ) # '
: . Ateerdj^'te BJeyrum i t -  &' pair of oppositely ©barged 
ions- can mpp^mok eleatr then: this 4istcft*t t o y  fora 
ion pali*s o f - fin ite  life *  ' Vhere 'sum b# %oo%" ionieatlcm  
without 100  ^dlesooittion-.iMad- the lens can associate 
together without any sppx^eiable Mimm&lm  of toil*  
'e lee t rente .01M .tr  t o  without - to  o f any more
peraaaiht tomleaX l l to g e *  these msaaetettd species- are 
regarded a t  being in-dynamic ■oguiltfcrius* with their ' 
opponent Ions* end the %Mm of mass action has been 
■ applied to  obtain- d issoc ia tion  ometaaba fo r  these 
complexes# the Ability to obtain similar values- for the 
dissociation ;Ototoi& of a particular complex mt the aatso 
ismparabur#.* by different methods# is  considered to he 
ewtdeaee that ■ t o s t  complexes aw physical entities*
■ A study of association  of ©ppesitoiyoimrged Iona in 
solutions, of 1*4 valent olootrolytds was soon followed by 
Investigations of solutions otoalniag i*4 -ahd:B*3 valent 
electrolytes* ■ In the latter e lm $m  oaieim compounds
4#
tow® received considerable; a tten tio n * . . Stone • in  1S3S . ..,,, 
association  in  calcium .sulphate and ea lc irn  oxalate was 
9Slabliih®d from conductivity experiaentg tor Homey .and- ... 
Davies (2). . In  1234 Hastings ard eo-wortesre (3) ,
re-examined the association  of calcium ion® w ith c i t r a te ,  
the ea le im  ien  concentration bsimg .measured by recording 
tho amplitude of contraction of the ven tric le  of on 
iso la ted  frog*# heart* .
Also in  1234* 0* RUda (4) obtained a d issocia tion  
constant fo r  SaOa+ toy measuring tbs so lu b ility  of calcium 
iodata tisasbydrata a t  S83eC» In  a lka line  solutions* 
fwo years later-toe investigated the incomplete 
d issocia tion  of calcium la c ta te  toy conductivity , pit and 
s o ltts ili ty  methods (S)»
In  10S3 v;ie® and Davies (6) established toy 
conductivity measurements th a t there is  ion -palr formation 
in  calcium icslat® so lu tions, and in  th e  sane year Davies 
(V) obtained d issocia tion  constants fo r  complexes of 
calcium w ith a number of univalent organic aniens toy 
measuring the so lu b ility  of e a lc lm  iodat® in  appropriate 
solutions containing these ions*
the work no® to to® described consists of on 
investigation into the solubility of e&leiaa iodat® in
5 *
s i  * f r?r£ tnoraxows op so iib x lity
, to  all- dtltm lim tlopf of i t o .io ltM llb f ,o f;ca ie iw  
lodoto ' te m S s tfb to te #  t o  t to  Mfdana a^lmtoPi a t .  .$ & ° c # :* -  . 
to^i#s^rtostod emtwmto* CB) f i i  m i i i  ■
. f to  original Breasted tstoratot* was saatritl&Xly a - . 
stogl# .irdHloai ootisan and a® ameti r t ip l r td ' an ou tle t-to  
the- hmm of tbe eonstant tomporatwo ttto#  through th is  
outxit tto.tob# paaifd and ito  f&ttn&tod,#ototton mM 
iimsptoi Valour bto bath* . f to  f^dmigmd  mil glass 
apparatus b f 0# W* totit®  I t  to  the- to w  of m 
Tfas top of t to  im tea tto i etiAtm.&« Joined to  a trnlb 
. fbapod f the loom* end i t  joined by rnmm of a
to r to ^ m l longto.of thiol* walled mp$.%lm*j tubs to a 
,wtoi irortleai tube*'. . fbo.longt&,of tMo wide tub# la  
equal t #  t t o  overall toacti*. Of.tto saturating ooltm  and 
the bulb rasarro ir* ; f  to diagram. op pig# f # is  m half sis# 
3pe|sr#00nti.tl©n.of t to  apparatus mood*
DIAGRAM OF THE SATURATOR
H A L F  S C A L E
Tm  salt was prepared by dropwlae addition of solution® 
Of potassium io&abe and ealelm  ehXorMe in equivalent
iwuhbis -to a tori# votoa® of d istilled  wuttr*
f M  following proooduro wu® found to  g it#  a g i t a to  of a 
m lfo m  s la t  wbtob presented a large iurfaoo ere* per u n it 
mat® without being m  assail m  to  tau t#  too great a 
r@ #trlotion to  t to  flow of solutions In  the. a&turato* 
totomn* DXatilled wafer wa® boiled to  remove dlgsolved
.g&aoa and allowed to  to o l in  t to  mbmmm o f air#  th e  
three reagent® used wore oath of grade and the
% otl#d out® d is t i l le d  water wa® uaad tteoughont#.
Solution i  tpotassium lod&te) was prepared by 
dissolving 10? g# of the pur# salt in water and linking 
the ®oiution mp to two Xltr#®#
Solution s  (eaioim ehtorid#) was prepared by .treating 
rn  ft ■ eaicium esrbermi# with a slight eateeea of hydroahtorto 
wid* ' fhie « i  followed by evaporation to dryness* 
re&iisetotlon in watir# and repeated evaporation to ■ 
dryneee# ?to solid eaielum ehloride was then dissolved
in water and the. solution mad# up to ©m litre* ■
Solid, calcium  io d a to . teaahyd ra f t  -was p re c ip ita te d  by 
th e  toepw ist a d d itio n  o f so lu tio n  A from two b u re tte s  .iid  
solution B from one burette* tech of the -three delivering., 
i t s  solution a t  the eeoe rate* tot# mm ..litre of .water
contained in  % five - litre  f i t t e d * . Salt crystallised on a 
glass spiral type of oilrr#r rotating at 1©0 revs* per 
min** mni f e l l  mm  1** the. few  of small crystals of a 
uniform sis#* the crystals »r#transferred to.a-heoker* 
wasted by deeantation md  stored to. & moist state* ■
Wafer to a l§** * %Qn. & 80* glass- %mM mm agitated by 
an eleetrie stirrer and heated by m  eleetide 1 «p*
A mercury toluene regu lato r operated the te a t  tog im p  
through «. *ftmrie* relay# ■
f te  saturater was imcratd to tte  bath so that nob 
more than I to § cm* projected abort the wafer level*
A frame ©f■ •Fepg.pex*" wm found to. he a convenient my of 
accomplishing th is ' sine# the apparatus when properly - 
ahhmerged to  t te  water is  subject to  groat s tra in  duo to 
h m o y a m y *
fte  hath was maintained at a temperature such that 
the temperature- of water to  tte stoppered saturator was
2$°Ct t  0*01 according to  standard thermometers*
of  he satu rat ion off s elutions.. w ith calc 1tarn iodat © - at. 25 0 * •
■f~o prevent solid' entering the- cap illa ry  tube- of the 
sa tu ra t or f .a 2 cm* .plug ..of glass wool was placed at. the 
bottom.Of the saturating  column. , .Sufficient ■■crystalline 
hexahydrate was introduced to  f i l l  the narrow v e rtic a l ■ 
tub# and about one th ird  of the reservoir bulb# -The 
opening fo r each limb- was - f it te d  with a -rubber stopper, 
in to  which was inserted  a righ t angled bent - glass tube to  
which was attached a tap*
fhe s a l t  In the sa tu ra to r was washed w ith water u n ti l  
constant so lu b ility  was attained#, fe- obtain a saturated 
so lu tion  of the iodate in  water the wide limb w as .firs t 
-dried by f i l t e r  paper -on a plunger* . 100 mi# of water was 
introduced in to  the reservoir# Downward flow was lim ited 
in  speed by coupling a pSO ml* gas'Sampling tube to  the 
wide o u tle t of .the sa tu rato r and allowing th is  to  lose 
water drop-.by drop- through a j e t  w ith the aid  of a screw 
clip* ; f h e ' solution was returned to  the reservoir by 
applying'preasure to-the- ou tle t tub# of the wide limb* ; 
In this.manner the solution was kept moving over the . 
calcium iodate fo r about th ree hours*
- tu
TitidVLf %lmm $S a X # ' b t e  ■
f id e  tuba by taoatm of a pipttt©  warned ■ to  &S°C*■ ■ ■ laoh, - .-■ 
aasapla.na® .to. a, mt& ml' flaob aM-diXutod-to ■ ;
py^vonfe.^iyfttalliM tion prior. to  am ifils* :. .
. - • tn  obtaining * saturated aolnt iom  of f te  io&ate in
aoiutlona of a dofiM fo/ooBotiitm tloii w lto-'rtapoat-to- - 
M a tte r  0oiut@# t t e  ■ poaorroir* •■ 
portion  of t i l t  w a i t e d t l i t .i n i t i a l ,
aoltftign#.... two p o r t ia te : of t t e  ioxm lon *«r®. jf t r a t . ran  
tbroagb tte .#a tera to r;im d  i i io a r d i i  boforo t t e  flm X  . 
iOO ml# portion  w&t Mod to  'Obtain a ia to fa tod  to iu tle n  of 
bte iadato*
, M dltiom X  .prsoEUtiona adaptM wtef* dofcomining ilia 
so lu b ility  o f o a i a l*  lo&at® .in.aX&aifcte m lubtm $  w ill bo 
d®aorib#& labor*
DatawitetIona-' Of oaleiom iodat® in ismpXaa. mm carried 
out-'by-bte TOlmotrXo.matbod.wMobi doponda on tte  raaotlon* 
loa + 6X" + m  '«  sza + sa2Q .
2.0 * .
• j.ppm lm ataly 0*08 ®* so&Stssa - tbiomdpbafe* solxitiors 
was pv®p&v®&* A 'standard solution of jnotassiaa todata , 
eas■prepared by disseisins an appropriate weight o f :the: •
irtM at 18d06«?- mA-rnmUm 'm® *olutios& to mm
i i t r t r
■ ■■to M-Ml* of tte abateate iteabt solution wort aided ■ 
i  g r  i i m l a l  ;p o t a 0 # te a  iteaio-ote § :i t i #  S 1.# by&r^blorio-.
|^tald* ■ ;- f  t e 1 solution mB diluted'bo■ aspwclmteif W® ml* *: 
ate tte Xitembte fteip# - titratod- with th® fel&osulptot® ■ 
ioXabion using w im m m  itete&t#**- -fte  « tn  of tiwm
mmfe biti^biosii* pp§?ld#d .ogroonont on# w ltn each o tte r  
mm within §*jj Jf# mm adopted m  tte  result*
■ f  t e # a  i i  mX* t e m p le t  f r o m  t t e  i a t m r a t o r  'w e re  t i t r a t e d  
with tte t im e  . bf t t e  sam e
prooeduro* ' A comparison of ite »an timtion this time 
with' ite fomir titration gave tte iodate concentration in 
tto solution in  tte e&tn»ter*
■ • ■ f t e  so lu b ility  of cteoiiaii i t e a to  .teE tl^drato : 
imreatea with tompimtnr#* . - At i8°0* a rise of 0*O6°C* 
■was found to  oauoo aninoroa#® of 0*01 te l l im o lt t  par ■ 
litre  in  i t s  solubility te  para water# ■ f te  three
mBmmmtBm ms#d to"- «fo6w*a;;'---'
agistment'- f t  wltiata; '6*®8C0#*:! ' ;"4 i# # team  msec!
f «  ob'aer^lng 0?' 6 t %)&-%&ih' ahow&i '
r i W t t A i t i w
1 U$iig M0 nPU itf'«&tw#;iatui>atti8i for
gmn' a ioWtiott o f ' t&» i«i$r ioncimrttio^ ar saturation' : 
f « -  t T O :& m r # # ' ; " f t o  t t o o # 1 t e i i r i -  w t  :
1' ftsi i a » :feoMi b ra t for- fatm ratioir In  tt&r ■• 
to ! 't l t r& b t
'4 fto r ' ttet#'.lioiir0 -'turn® M  of
6$od*lft*tito <on b b r tattim borf tM m
stoppers ca rro t b #  te a trto d  t o  btie bath* ' ■ Q uantitative
tE portetn t oti aniodal# \ioiiibioB io ftr in  iin ir  of
i t e  ittmrmtoi* .iiiowod 't to t  t i l t  tf f to b  in  negligible*. and- 
therefore %M iboppim  ttrer# - not ■ im tt t i  bsr anf c d d itia m l 
memi* ' Sim ilar f o i a i t s : tmm  foeon reported by others (S)*
: iemaM tring $b$ estim ation of the lodate* O*0i m*aoio 
o f • th$ • ie fe b t ■ to  tbtobfen i t " tfu ifa lo itt to  approximately 
O*08 mi# of tM  0>0ft'K# tb id i t i l i to t t  iotetion# ■ ■ fbtrtfort 
a weight bwotb# m i maM for itit Mirations*
f ti# : so lu b ility  of c a lc lm  io d a tt in  water tms fetti* 
Aeicmimd very m ai^ 'tte o it After @mh atari eerie* of
id#
m ioiiit&on i t  m *  oorobtorod nm m m w f 
t r  o M o lb  t M  t o i i & i i i t y '  t o  m & m  b # f m m  p m m M in g  1 0  
dotomlMtlbm in a solution of different composition# 
ftso t*#smXts -of .ttsos# do io m im tio m  ita d  to  t&a most 
proMM# m m lt’:fo r tb® mfcw&itd i'oltttioh'o# M iotoa 
io&fti® to. m to r-a t. 93°9* being f* i# l * o*oos m*mo£e9 per 
M tm * : / Wm, : b te ' p irp o i ts : of oa lo u ittio n  tfe®' iso itib iH iy.
M i  -to.-.tM- imroot o*Oi:
■Win® ar4 Dairies '(6) M t t  s M «  t t o t  MIetom io&at®
.my-fc#, i  at tocoapiittly dSiiootobti- to  t ototlon* 
fboy hav® doriyod a vaXtao of &,«• 0*!3 f m  tM dissociation 
constant of tbs .intotmdtoto iondsii% ' . f'.sts #cp* 3 } *
0*W#Davi$i |9? Ms proposed an e&plrio&l relationship
m tlr ity  co effic ien t f * ionic streng th  X, and CM 
taXtnoy of to# ion oonetrm i' % 1  i t#  #on* - f  K  ■
++
saturated- oaiiim-iod&io a<j&uti©& oontatoa 0®  ■ .*
00103.and 1§3# and to o ' tqim tiona:govonning tquiiiOnlTO 
a fo #
®#I -  *[«*++]-+ [Ca»3+] + [*0*1 «. „ ^  « « .
'«$ 4 mar©
I f  a b u ffe r so lution consists of a s k ta js  of a weals 
:n$Befe**l6 a c id ■and i t s  sodiua s a lt ,  than. U s  pit m j  -fee 
expresisad by the  Henderson and Baasalbaleh ..aquation
*t» *,«• . «*_ taiionl. ... pa m ps + log;
S«b|#et to  an a c tiv ity  e o l a t i o n  fo r  the anion, tha 
equation i s  ionsidcrcd v a lid  la  the rang® ©f ps 4 to  pH 10. 
I f  bo i»far# th is  anion associates w ith oaldust than the 
addition  of a  Bolubls e a le im  s a l t  to  a p a rtly  neutralised  
so lu tion  of the acid  should re su lt in  a lower pH*.
1* crcenraid (10) prepared buffer solutions in  which tha 
solu tes were p a rtly  neutra lised  weals monobasic organic 
a d d s . f i»  add ition  of ealottxa chloride to  each resu lted  
in  a lowering of i t s  pH* those re su lts  ha in terp re ted  as 
being ind ica tive  of association  between ealclua tons and th® 
organic Aniens* In  se lec ting  su itab le  organic acids h® was 
guided by Davies* r e s u l t s (?}•
solution# ©f potass X® dlbydmgan phmptmt® 
nM i i s o i im  bydregsta pboaphat# ow# t lm ir  buffering  action
17*
to  tho eqaliib.sltsa,. ; . . l?Cf~ 7 B.V \ .
f m  th l i  buffer ' ' .
-•■ ... . . f e e ]
. ■*"”  "K 108 T ^ a
Calcium to m  may b t  expected to  associate w ith both anions * 
but association wlbh.fb# M m lm t  l i o a  i t e M  be the 
greater# tb m  %tmm should bo m f a i l '  in  pH whoa such a 
toinbiofi i t  a&tur&tadwith oaiQinm iod&be# Ito tto m o re  i f  . 
m f  association botroes calcium and the phosphate ions 
occurs* than the adlHfoility . of e&ioinm io&ata In  phosphate 
io lm t iw  ;w lll be .erlmnoM to  an extent g rea ter than th a t . . 
which would b# txp to ttd  from the increase in  ionic strength*
Unfortunately, in  the work to  be described* I t  was. 
found that only potassium dlhydrogem phosphate solutions &ni 
th# i f  |  1 potassium dlhfdregth phosphate * dlsodium 
bydrogon. phosphate mixture epuld b t saturated w ith calcium 
iodaia* - Upon attempting the sa tu ration  of the 19 I 1 
huff@r mixture precipitation of calcium phosphate occurred#
■' Measurement was made o f the soluibility of calcium 
ioda** a t  S5°C. *. .
in  (a) n/XS* M/teO m& U/4Q potassium dlbydrogen phosphate 
and in  Cb> l / i i *  tS/89 and 13/40- potassium dihy&rogon 
phosphate * diao&ium hydrogen phosphate i f  s 1 buffer*
: ;:fM , p i ,o£: m ch  of tM -als pMspMt# solution# w ii . 
ittim im i aa^affoi1 imtmrati« wit& eolelra .
iodsts* f ;M mthod o f ; dsteMlimtion. of pH was 
oolwiiiitlrio^oapariioii wifcb sucainlo mid -* l§rai buffer 
•tdfittaMpi Ming M«oefifoX gr<*on as latteato#*- :■;
phoajpbati Tmffo* eoliftlo&s# pH ra%o 5* eg 
to S»04 | i i ) ' m® pmp%m4 t/f 'nixing*
SoooMmry ptesptmto solution* 11*076 
f rinmrf phosph&to solution* 9*67$ g* KH^PO^Xitro ' ;
■ ■ f te ; ta b l§  fo r  ttie M gins &§' follows #
ia*su
o*es. ml. 6*75 al* S*2S8
©.so « ; 9*50: :*. I 5*669
1*00 S! 9*00 " 1 8*906
Only t&a flpib.Ot tto** ftlKtatM* fcto 69 | % solution, mm 
oo^arnai in tM m
ftm poitisitim solutions ware
prepaid fnom tbs Aml&B salt whleh Mi Men dried at 110°G 
the h /ls solution ind the H/fO solution of pot&saim 
dibyiregen phoapMt# ; we '^ 'oao!a pp#p«#i by dissolving tbs 
ealemlatad wight of tte'oalt in  water and .mafttag the
.solution tap to one li tre  in a ealtbjpatod flash* ^ffm-M/4^ 
■$oltitim-w&$.':ppGp&v&& l>y. appropriate d ilu tio n  of' the 1/20
aOlUtiOH# ■■ ■•■.■ ■ : ;-
preparation of the 19 r l 'b u f f e r s o lu t io n  the 
weight ■ of d isod im  hydrogen phosphate required in  a l i t r e  
.of M/IB :.toImtlon .is email* . fhw efore-tfca I m la l  anhfdroua 
s a l t  wa# dried a t  X00°C#* 0*360 g* ware dta&Qlvad l a  water# 
and the 'so lu tion  made up - to  tso  'mi# * ■ : t i '  mi* o f ■ t h l w " 
solution* together w ith 8*851 s* :of -the to lid  potassium 
dlbydrogao j^esptmbt* t i n  t i t d  to  prepare toe-one l i t r e  of 
8/18 80 I % b u ffe r  solution* ' ■ fh» H/00 buffer -mo 
prepared Of a sim ilar procedure to  th a t  fo r  the M/iB 
bu ffe r nilmf the appropriate quan tities  of "m ateriait # 
while the 1/40 oolutiom was a  su itab le  d ilu tio n  of the 
B/M  huff or .solution# - % ellM  m%* d is t i l le d  water was 
used in  bho prsfaratlom  of a l l  th» solutions# . .
. .fhooO' itandardf# due. to  Eoltboff ( I t )  # a r a  prepared 
fey mixing x  ml* 0*63 I* sueeinio m M  w ith y ml* §*§3 ss« 
borax where x. + ^ y «i 10# and hate a  p i  range# '1*0 to  6*8*
■ < 050 mi* .of wash solution: were made up using* the 
e&leul&tsd weights of the'respective-A tm lal eompoun&s and
cart>on S £ © :» lO c - .f m-tm*- Cotufclow m m fv o a tt lv  aad»t 
m  tteSuiiem  of eiiseini® seM' « s  v*py st&joet to  mould1 
■gyosrtSi.! • Stsnday4a prtpaw d % .<59lltsi,ing fcb® 
j*ecsutj*0e! voivmd of saoh of ttoa two iolufciona frca  burettas 
In to  10 s l»  graduated cslo riao ts’is  to s t  t e b e s i N y
d e t a t M M t l o i i
■ fM  • imtwatioii of a of definite
jaoX afitf M ill o t l o l» 'I o d a t t# isaeaaaitated p m lim im p f  
washing of ib# taturttor and oeniont# with quantities of ■• 
t h e  ■ s o l u t i o n  w h ic h  d l i e & r d i d *  .•: &£■f c t r  , t h i s
p i w f d u r e * ; s a t u r a t i o n  o f  t h e  p h o s p h a te  s o l u t i o n  w i t h  
e&Ioiu&.lodate to# iiso rlbod  fo r  . t h e  .
i a tu r s t lm  o t water* f  he . lo t  s i#  of h a ffe r  so lu tion  meed
p ro fiiM  three i f  si# , samplta fo r a m i f t i i  of lariat# h r ■ the
'
method ioioMhe# earlie r*  mA in  addition  permitted removal 
^of a f p r m to to l f  i f  ml* of so lu tion  fo r  pH dttem lm iion.# ' 
f h i i  so lu tion  wm .to  a small b o ttle  and allowed
■ to  stand on An o?#h so as' to  m aintain I t s  boaperatw# m 
l i t t l e  tbetri i5°0:#f thorobf preventing. p re e ip lta ti  os o f  
. the calcium lodato* t o  I f  . s i#  of ;tMs . ao te tioh  i s  a  . 
oolorim ttri#  te s t  tub#t and ta-.aaoh of to to im i-s ta M a ri. 
buffers In  sim ilar tubes* wars added tout* drops of a  hromo- 
orosel gross so lu tion  m  mpptioA  fcy b»d»8«* ' dolour 
aompariaost wore sad# v isu a lly  in  a north l ig h t using a . ■

Ssbi* 1.
■ Comontr&tion of aolut# in / l itr e
pa '
b#t ora 
sato*'
pa
aft®? : 
aatn# :
P otasito
dIJsg'ii-ogaii
pbospliats : XX”, of ealelaa
m
28*00 ■1*
?*©4
t?07
m
. %m
■'i; m-
4# 55-
88*00 ©*$© . ' ■**wr 4*57 ■
66*87 «* 10*83 : 4*54
24*3? 6*63 0*14 : B*m 5*1*? :
43* 78 1* 23 ' ■ 10*11 1 5*30 !■ 6*10 ;
68*00 1*67 ' ' io*ca ■ ^ ! 8*87.; 5*00 ;
I SOLUBILITY OF CA^Qlpt^ i O D A T E PHOSPHATE
SOI-Otj 0;NS At £5°<i
CALjC I UM
j OiD ATE
L IT R E
iliMjlL
IQ-OO
QOFFER SOjLUTl OM 3<? ; I, THE PHOSPHATE
a. POTIASS I UFf 3)1 Ht DROGtEA/ PHOSPHATE s o l u t i  on
c o n c e n t r a t io n  o f  p h o s p h a t e  i n  m .H o l e / l i t r e ,
50*00 : 04;* t7as'00
wpm  tb» teftflm iiiM t mm&MM- i t  I* ''wuggawtod timt , ; 
ml&ivm imm  Msooi&td with phosplmto i mm* flag . , '
p$It&lpal fhosplmt# Ions in  the potassium dlh^rogm  ... 
p&towjta&tw, golaatloim w ill b t  H^ FO^ * Xn iaueh s im ilar . ;
itioo thoro w ill  bo 8Fc£ lo w  and B3P0¥ moXeeulea, 
resulting from smob m m tlo m  to UJ?0* m i f  + EFcr: tr4 
g^W£f» a3PCX + S?d£*t It items lik ely  that ■
bisa yaiusiioii 0 i C a t io n  I t  dug mainly to  .
thair Aisosiftttsti with tost mni to  m tm m ®  extent
association  w ith HFdj® tons# F robahlt a employe $ would .
Siam to  M  OSfijjPO^  SM
5n. t to  potassium &ibydrogt& psosphsbt solutions tha
following; gp to its  m i  wsqpwwtodt*' ■ '
H %  t f *  Cft+ + # ’ Cf t XOj #  i a 0 3 t  1 0 * .  C a H J ’ a  t  
Gtcm^i i’^ PO*, liP0“  *ffld BgFO^*
■ ■ 4 f u l l  treatm ent, i s  eompllo&bM by the  fa s t  th a t tbs 
pi oamofc bo,lasow& acour&taty from o o lo f to s tr i i  , ■ 
d ite m im tio B t!  w hilst donation# gtwov&lsg o q o lllb r lm  
rogUtyw pi values* the fir st  aM iocon! dissociation 
eohst&nts fo r  phosphoric sold km® b tan  dwtws&md by - 
Sims (13} AS E, •  7*537 ss lO*3 sa i E -  <S*gS0 s  10*s at 25 °C 
th i s  adds to -tb s  to ta l  imabor of aquations which must b#
Wfclag. % i t  s u ff ic ie n tly  
g reat to  amplmsisa tb s  lim ita tions of tM  axporisan ttl
. f ha rtla tlo n ib ip a  , governii^ eq u ilib ria  i n . tkm system : ■ 
a r t  given on.tha following, piig#*~T
Equations (l)  * ($) mA {$) k&m already bean 
imtrodmoad fpagot M ).* .
. In aquation.{4}-.tha oonst&nt fo r  tbs- diwsoeiation of -:
thg c$*altt* 11% * t  «* §*% M i b*«n d tta m in e i by 
Q*W* Befits (14) *
Equation {%} %$ mtimd from* • ,
to ta l hydrogen (molts) *• i  ai to ta l phospMta (molts)*
[E+] + Spaa^op + [SaSfOj+ SLBJPClCl + [HPO^ l 
+ 3[H3P04i '». e [CaH^ PO^ l + [^CaHPoJI + S^PO*] + 2[HPC^ ] 
+ S[H3P0j t
which reduces to [S+] »  [SP0” 1 * LH3POj + [CaliPO^ j
.. .EquatlfWiw. i9) and {10) m® %m§ of tM  f ir s t
and jtoond d isso c ia tio n  contttntt of phosphorio m id  m  ,
datamimd. by- Sims#  ^ . . . . . . . .

m*
tm m m tv* approxlmtiona., should ■ lead to 1he ■ vain®# for 
the Ionic concentrations of '#*eh species# the procedure 
fo r ©aiSMatton* was as follows** ■ • '
.- f  ho solutions , of potassium dlbydregei* phosphate ■, " 
saturated with calcium iedata wore ow ltertd first* -and the 
oanotntmtlon’of .tM  daSFO  ^ therein regarded as being , 
negligible* .
approximate value,s. for a ll ionic conoontrations wore 
assumed |& order to obtain tn. appfoxliiatt value for I and; ■ s 
kmtim #* Velng f i f i t  approxligation* for f # [Ca++] and
[103] in *qtu$loa''9 snd.fi [1+] mi [XV3 ] in equation 4 gave 
eeeend appvosiaatlen* for CeX&s] and[Ef3] respectively#
■ fhess second approximations for the inttmtdiat# 
complexes substituted In equation $ gave a-second value fo r . 
[XO3 ] which was used in equation 3 to give a eeeosad 
approximation for [C&*+] * h m owd  approximation for 
[gaf f^O*] was stained from equation i#
, 411 the foui* equatlone V* 3# f  end 10 eaimot be 
satisfiedI - and It has seemed advisable that errors should 
fa ll on equation $*- . Equation a. i s  a reduced few  of the 
elec tro-*mufcrality aquation# ■ ■ attlttugh in theory this 
relationship Is rigid# the quantities are not accurately
tpaaiaa:whiet* I r  p r o fit  '4a-wry - ter-saarne# ->
td-'M;un9duxi&*' -; :$t&r6fo** tha: eomantratlon of E3F0¥ wan 
obt&lnM b j  maing tfn a tio a  f  ami ttm  aanetabrfM&oa: of
m®X f i w  aquation'' 10* -" " '; ■ ' :'-;
■ ■ ■ fh* -sbota proaa&a**# traa rapa&tod &i manf timaa aa ■ 
m a a ia e t ia r f  t$  obtain  i a l f  aofitig taat raatalbs* 4*#* 
tiftiix- aaotasf6 i*#patitioa p » te # &  $o fwM&m® ebanga 4a bho 
aomaati*aliona' ■ of .■ atij ■ of th $ ' apooiof. ■ ■ ■ wa$ than. .
aa4ataXab#i: by aohstitutloa in %ha • relationship* ■
SoaH^Fot «  i e g .[Ca*] [ 8 ^ ]  * log iC s U ^ ]  * 8 * * (th
fho of calculation for tto tJwoe experimental
results with the 59 | i  buffer mixture* followed the a ossa 
pattern#, wifcli'ftllogfanea nade.fer. tbo fa+ iem.ead for a 
trace of BalQ3* fbs. coma&tratien of tha latter was 
calcalafcod b^.aalKg tlio e tm t lo n , . ;
log [RalOj -  100 [»a+] [ ic r  ] •  ioe 3 » F{X) # Davies (14) t
, f h i  ..ftml- rnppmxim&lm  -to. tho aa lau ia tio n .fo r bb# 
lyfeo buffap i#  0bom' o?#i*4#iif to  lliua tr& ts. tha- methoa of 
oaM m latlout. .. : ,
3 9 *
WWlNjiiwrfliiB » ;i)4 ifr'ilfr" far**
ii)W6^ teirfete 
C ofsfn tratlon  in  a#ajol9s : C M IO ^ 10* 
EaJ3,0„ . 1*85*: :. loaat® . 80*82* :.
. s+ . . .0*03. 0-01
Ia+ 3-49 ..3*49
E+ .48*48.,..'..' ,. 40*48
:. fe io 3 ;, 0*01:. , 0*01.
. : . -  : .
; o*so. .0*80.
OalOj ■ • 
* 1  ++
-0*48 
32*68 ;: 
:7*B5,.
0*48 
.. 7*66
CaSjJ’Ou, 2*11 8*10
HzP0"
HPO®
47*11: 
2*83 
0*74
47*18
0*74
h3pou 0*04 , 0*04
so*. . S0*4S . 19*48
21 x 1000
"  X
l o g  2  
/  2
x +
l e g  ( 1  + / l )
0 2 a I  
. F(X)
l o g  K s f  
l o g  2 0 7
l o g  E
P ( I )
log NalO^
183#88;-;
o*o?e$4---:
■>: 1*8844 " 
1*4432 
.1*2760
**X06X Ufti&g .••
1* O T
*axis m#u u
*0153. ,
*CdL5- ■
I * 3 «  .
&n5uU;
♦ 4771.
6*2083 
•2015
l e g  K* 
l o g  1 0 ;
O s ia g  l o g  K
4. F(l) 
l o g  k x q 3
++
5 -0 0 6 7
Xog Ca 
le g  XO3
■ XOg: 1
« 8*
■
log C-.aI03
*m m
4* m m
4*47X8
3*0772
a *®mx
*4080
4 -6501
1C
3.P(I}
w
i
|*S»P
>C «z'
'h
%
I f  0»F(X)'
Sf 0^
log
* o v  8*% 
*8785
P'
§*§751
s o e s o r
4+'][Hzf0*.l
5«870S
3*6739
1*8817
. g * 3 f>pf> :
*S* ^  &,? &*» «b/
& gfc
t. “ Wfcvvy
:£qp* 3»
** t*F|:
c« ^ m £
§#1
.  Potassim ' 
dlbydregsn1
. 0i$odit3®i -
■phosphate
. a*jaolesA» '
■r  ^aa^po*
•■■ ' M
■ , m
Q  ,
« L
0*081.
0*078
6®‘«7 ■
/ 84*87.' ■
0 .
§ * m "  ;
0*078
0*067
48*78
65*00 ■ l*#f ' ■ :
0*067 
0*065 ":
f}j9 final- values obtain®! to# tha Instability  
constant of S a i l f r c n  the ionic concentrations present 
in various buffer sistares ora sheen in fabls S.
' , "tt Is wsesstcd tb it tbs drift in the values of
&q6 jl_j>0 + correspond* with an increase in tbs concentration 
of C«H?0 «^ in a solution whore [CaB?0j i s  very small 
^OaHJ’Ot ft® calculated by tbs previous' method approaches 
i t s  true value* . By Ixtrapolation a value of 0*634 say b® 
anticipated*
fbo association of Ca++ ions: with E?C^  ions is  also 
suggsstsd by a oonsidoratlon of the reduced
[ l +] ** [SFO ]^ » [BgfO^ ] -  §. [total eodiw]
. fip$8$n% t&fr.tto®- taet* apeeiw
£**-. m&b-.Qt. - witti o&lotes
this .., ..$&& mmlt®
in  tstsle J r ;|wftti a i i  m m m tm % im $ in  m*m%m 
9$ ivn tfr#}* : .
[h*| «  [®pc£] * [E3i%] * f .to ta l ©aiaijoa in
. 0*08 • '  0*XS * 0*00 0 « 0*03
o*o3 «  o#gg- •  ,o*x4 ■ o ■■■■.■•; * e*os
0*04 ** 0*20 « : 0*10 ; 0 ' -  0*06
0*01 ■» : O*®0 «■'. ;o»OS : * 0*63 ’ + ©*gs
0*01 »  0*74 : ' -  : ■ 0*04 ; » l*S3 ■ : + ' 0 * g r
:0*01» 1*00' 0*0S : * -1*6? , : + 0*73
■ ■• '■ f t e  poiil4w  %mm m  th®. M tt  t®M  #id$ ®t ttx# 
#cp&tiofi m j . fed. fey rnmmdng $m® iormrnim of
«faie& would "appear'm th® M itrt tmM- aid# of th® 
illot# reduced aXoetro^iiautrality tsp s tte i  m  & positive 
tom* fliia woald Inereaso $7m’ mrow m  %h& %imm t*oaiadti
33*
with potaititta diftys#o®en :ph® § : tout will 
4eere&8$ f e ^ B ’er  for the W-%.% buffer setmtSeis#.*
Mm$mr to th# iolmtioiis t!i# [Ca3?o4] will' fee much
gu tter than, in the i lm t  kbm<$ solntieist* aM ttmmfor® 
tb& im pm m  in> error--on the buffer*‘i# ®»h greater tboa ■ 
the ; in errer oa tba first ■.tbree-.ebiutiene#
farioue- wtott.for. between- 0*000 as! 0*001 have '
.been irSM iM i t  reasonable to- present reeult*
eaieuiated- by fixing at 0*00$# ■. i t  w ill M m m
tpm  the final y*«uit#* that by uaing thi#: figure* the 
errer*' obt&iniO by a^stibmilisg in the electro* mutr&Xity 
■equation range from + 0*83 te * 0#ii*
' in the calculation* # neeount t/aa now taken of OallfO^
'$M i t s  concentration dw irei t&m  t M
log [CaSPOj *  leg [Ca++] [HF0J] * leg 0*003 * 4,W{t)
l e x &  ite
'88*00 . 80*00 66*67 24*37 .48*75-..' 65*00
ssjSpb^ 0 0 0 0*63 1*85 1*67
Ca(l03)x 8*07 ©*68 10*83 0*14 10-11 10*68
locJaie 18*14 10*08 ©1*03 1S*88 80*133 81* S i
pa 4*88 4*07 4*34 8*1? 5*10 5*08
n+ 0*08' 0*03 0*04 0*01 0*01 0*01
ia+ 0 0 0 1.23 2*48 3*33
K+ 84*88 49*70 66*80 84*83 48*43 64*60
IWO3 0 © 0 . 0 0*01 0*01
JOIO^ 0*18 0*30 0*41 0*14 0*30 0*40
C&103+ 0*48 0*43 0*44 0*46 0*45 0*44
++ ea ■ 7*58 7*67 7*67 ■ 7*«T 7*04 ' 7*5©
eaS'jfO* 0*04 1*74 8*27 o*as 1*68 0*81
GtWQh 0*00' 0*13 6*13' 0*30' 0*44 0*51
s 2© 0* 83*78 47*77 63*77' 25*40 47*10 62*91
iftf® . 0*1© o*m 0*88 0*39 0*74 0*09
■ILPO,3 *t Q.oa 0*14 0*19 0*0© 0.04 . 0*05
103 17*83 19*23 20*21 17*68 19*46 80*51
1  * 1 0 3 48*80 150*48 184*83 49*73 153*76 183*09
F{i) o* i?y? ' 0*S00£> 0*2146 0*1724 0-2012 0. 816!
^CaSPO^ 0*002 0*00© 0*003 0*002 0*000 0*002
h m ^ p o l 0*007 0*084 0*000 0*088 0*084 0*079
9 5 #'
t m  talm tii mm m m tm %
w ith in  tho  o&pootod : l i m i t o f  ■ M ptrim em tal erro r*  and tha  
mmm waluf*-0*054* i t  the iasso m th a t dari?M fey 
e x tra p o la tio n  fro®, th e  ytfettaim i l i^ d r o f e a  p i o ^ a t t  
r e a u iti#  I f  I M i  train# fet meoeptod*' tfet c&lottl&tiens may 
fea -M p M ttt w ith  % ^ 0  ; th e  m k m m  to  - bo
dattfm!h#d* / ?M§ t t t  done * 'oral the K raine® derived 
t t r i t d  b ® tm m  0 *0 0 1 9 ' and 0 t 0 0 t 4 |  tfet o f t b i t
equ ilib rium  , oomfcant an th e  oxpifimont&i r e s u l t s  i f  too 
sm all to  aimhio it® ealeu l& iion  w ith  g re a te r  p rao iiloa*
AoooMtayg to Oaaorom and Soldo!!/(IS) ©no l i t r e  of
:002*fs*ft water dla®ol?oa 0*136 g* 'of mlzimn phatplmte,
gaSfd^* a t 8t°0*# fb lf  figuto i t  eowealeiitiy ’
!*©0 "m*molo par S ! if t  and* i f  ©orreot# tbo so lubility
product of [€a**] L&POj] w ill b# a l i t t l e  than i§~6* 
fha concentrations of IP0* w ill ho somewhat logs than the
total ■ phosphate concentration, and. tfta ooneentMtion of
oelelum ion® w ill fee tmy  nearly equal to  that of the to ta l
oaloim*
Precipitation oceurrod when an attempt was mad# to 
aaturat© Swenson* a IP % 1. phosphate s^ Lxtum with oaleim  
lodato a t &5cC#» hut not when the $ t * 1 lylti phosphate
sixfcwa w&s us®!* • Wxm tM a■ t a s t e s  nolusiett i« sa fc«a?abed 
« i t h  c a l e t m  i c d a b s  # t h e  t o I a s  f o r  f ^ [ 0 a ’f+  ]  [  Ufo j  ] ,  . 
e s t l c a l a t s d  b y  t h e  s e t h o d  a l r e a d y  d e e c r i b M *  l a  
0»99S ' ■' : ■
■ -fM #  figure i s  m% in  perfect agreement w ith th a t 
given-to y -Caaaron and. S o M o X i *  b e i n g  a  l i t t l e - t o o  h i g h  f o r  
a  s o l u t i o n  m o t quite s a t u r a t e !  w i t h  r©#pa#t-t© c & i iK } ^ *
f h a  f t a s X i  i o p a r t u r s s  from th e -  principle o f  electro^ 
n e u t r a l i t y  t e r #  a l r e a d y  b e e n  eonstdapod* - ■ f  © a a t fe ly  tfcert 
mw 1# frto is of other assoalatei in tto  solution
s u c h  M  I l i % *  H l f O ^  a n d  c & K £ f  ' f u r t h e r  r e f i n e m e n t  t o  
the osloulatiom in-order to milow for wmh poisiM litias 
i# ter ily  Justified* in .view of aoa# 'teeortaiutf with 
r t g u r !  t o  t h e  p l f  t u l u o s *  fim  v i s u a l  a & t e h ln g  o f  c o l o u r s
e o u M  r e s u l t  i n  m  error.not ©xcooding 0 * 0 $  o f  a  p i f  u n i t *
f h e . v a r i a t i o n  i n  i c n i© " © t r # s s g t h  may o a u a o  a  s l i g h t  s h i f t  
i n  t h s  I n d i c a t o r  e q u i l i b r i u m  o r  m  i o n  t e f .  a a o o o la t o  w i t h  
• t h e  i i r l i o a t o r  ( 1 6 ) #  ■ F a r t t o r a o r #  t h e  o o n e t p t  o f  p H f  f i r s t  
i n t r o d u c e d  m o re  t h a n  f o u r  dmmdm  a g o *  h a #  tu n r ta rg o h o  
cfesoage# " . in  b o t h  d e f i n i t i o n  e n d  i n t e r p r e t a t i o n  o f  
m # a # u r # m n t«  A s  a  r e s u l t  o f  t h i s ,  t h e  p E  v a lu e s  o f  
&pmmen*3 b u f f e r s  a r #  n o w  ' r t g a r d o d  a s  b e i n g  to ©  lo w  b y  
parhap# m vmh as 0*0#  units*
In  v im  p i ; the^ lim its tlo n a  to  m% exact, ^anfcit&tiire 
ti^ a te e u t ©f tba  axportoent&X data# i t .  i s  a titeittod  th a t 
th&': departure frosa 'varia tions
in  the calculated d ieeoeiation  constants, are small*
I t  i s  ’.therefore concluded tha t 1 ■
■ .. (1) ■: tho or&cuacod so lu b ility  of e&Xoim lod&te
in . the phosphate solutions# aooompsnlod by tbs 
f a l l  to  pH, i s  duo to  .association between 
oaXeim i©na-imd phosptata • ions* .
C££) -the p rincipal products o f  .th is  association  
arc tbs complex tpep.toa CaH^ FO^ . and C&HPO^ * 
f i l l}  ..At £5°C♦ the moot? prcbabic.valuoa fo r tbs 
. . : ■ equlXiferim constants of tl^-processes*.
CS^ PO^  ^  : 0a++ + B JP0£ ■ and 
C &H FO ^ * = *  0 4 ++ + i n ^
, a r e  0 * 0 0 4  1 , 0 * 0 0 4 #  a n d  0 * 0 0 3  1  0 * 0 0 0 4
. . .  raspoativoly#.. . . .
■ According to  BJorrtam# ..two ions of opposite charge in  
water a t  33 °C# form an Ion p a ir  whan th e ir  centres arc
o
•separated by a  d istance loss than q which i s  8*57 s+ #s w A 
{page 3}# Shcir.centres can evidently not approach one _ 
another nearer than a d istance "*4* whore - V  .is  the am  of 
th e ir ' ionic radii#  ■ thus tba degree of association I  ~ 
la ©qua! to  the' p robab ility  of finding an oppositely "■
charged"' ion  w ithin th e : ah e ii :«ele iect by sphere# o f rM il  
*a* 'm& f  a w i  feai :c«*3&y& 1 ion» ■ '
£*#* i  a# G< «* 4’ii«# / r  t#
a- «$ e
• V**-E P pBy putting  | ° *  * .* •* "g . and to *  L
where x is  a variable and ant to are constants,
expression becomes
M
A
Values for this Integral, have been tabulated* and If q la
accepted as 3*87*2,. *3, A 1» aqgoaa solution at 25 cC* , the
dissociation constant of a eeaplex determined by
experiment give* a value for V *  In the following
consideration of' sea® oaleim eomplexos, saloal&ted "a* 
valtios ars given la  parentheses.
Calolua etolorMs ie  completely dissociated (a > 7 A), 
tout fo r  C&BS3 Km Q>m ( a *  «♦? A), and fo r  Calo+ K = 0.13
(a *»* 4*5 A}« '-Tho##. value# ® i to harmony with BJtrrait1^
mm®pb e f  an ion pair*- But c a lc im  f a w i  ©rapltxtt- w ith

■ im *  ‘ v=^ cation  aoiv&to + anion solvat©
m s  M  m om pm i^d  by tobot&nfclaX f pm  anargy oh&ngei 
wMch-411© additional to  thorn ealeul&tod. tmm  Coulomb1a 
I®  mud-, m y m r te t ly  o f fm% E values* Besults obtained, . 
fo r to# E values of CaB^PO  ^ and OmifQ  ^ tould bo a ttrib u ted  
to  a  aolwiafc ##£#otr :suto m  A fafomribl# dispoiib ion of 
to# w u tir iip o lo s  in  too vie in i ty  of to t  ion  p a ir  
contributing. to  too- ip m  energy doommo in  the  formation 
of to©$t om pim m * •
; M m o l& tlm  between calcium to m  and c i t r a te  lo n s in  
acpaeeus so lu tion  ia  of. $Mpovt$m% to. i i i  . .
&%m of some consequence in  the chemistry o f milk# , U ntil 
recen tly  the us# of the  o i t  ra te  loo .has been the only 
method fo r preventing the coagulation .of blood in  storage, 
i t  w ill be appreciated .therefore* th a t complex formation 
between calcium and c i t r a te  Ions has a ttrac ted  much 
a tten tio n  and th a t a considerable v arie ty  of methods has 
been employed to  extend our tebwlOdge Of the subject#
; Shelling and lasiow  {IS} produced cramp In guinea 
pigs: by in jec tin g  solutions:-of a c i t r a te  and in terp reted  
the re su lt as due to  conversion of the serum calcium Into 
a complex: tom*
Shear, end Kramer (IS) found th a t the conductivities 
of so lu tions containing calcium s a l t s . together w ith a lk a li
metal c i t r a te s  were lower than would be an tic ipated  from 
the concentrations of the  s a l ts  present#
Mulli and Stan&emth 120) showed that the minimum
4&i
conductiv ity ' of solutions of a  calcium s a l t  w ith c i t r a te  . 
i s  obtained when ' m M M bim  of the two
>$lutp*'&*6: pm$m &0 and deduced th a t the molecular ra tio  
‘ in  the iossg?X« wa$ 111# th i s  refuted an t a r i i e r  trlew by 
'la rm p  th a t the cmsplm  formed b j  eaXeiuat with c i tr a te  was 
o f tha tfp#  lit*.
Oroohborg arid §fo#ii>tr§ Cfli carried  out electro* ■; 
d ia l f s l i  m.pmlmmb® on w v m  to  which was added .re ia tlve l? ' 
' largo- oonoantMtlona of sodium c i tr a te  mm found tha t p a r t ; 
of the calcium migrated to  t he anode c cmp&rfcment # th is  
re su lt Indicated th a t part- of th e  calcium was in  tM  torn  
■of a  nogatlwol^ oharfod complex' lou*
luoh teporiteonta as fcfceee were carried  out p rio r- to  
X933*. aM' eaiabXXehed*:
" iuT complex' formation*
{bj th a t the complex was 111 In  'molecular ratio*
(e) that the complex was nogsitXveXy charged*
i to o t X933, investigations have teen  d irected  towards 
the o s ta b lia te a n t.o f  a d issocia tion  constant fo r tb# 
complex and during the past ton  $*#ars to  recognising th a t 
i t  is  possible t i  tut® other 111 ®£ calcium w ith
c i t r a te  in  su itab le  solutions*
iton a tetybX* a&lt. it.-edd&d ;to tot aototies*
of a elfcrat*. net all^ the/gaiolm- -to-.too aoto&loo i§-.
present at; 0a4"1,. %mm # . . o f ; tfe# oaiotoa le a :. .
oomo^li^tloa Imt .proirMM ©so. method for attempting to  :- 
t a f # l l t o .too aiiiooiatiofi oonitant of to t o a le im c ttra to  
em pto**'. 4- Mocad mtilseci ms#d tms: dopoiiJod on m m m H m  
too- redaction of pH ©ausod t?y too addition of a ootobio
$alt to m. gotpttei of partially not^pEilgtd, citric
aoM* ■
: iaaMPi.i «M oo^worl^rs IS) ^olominoH .toe . . 
t t o e e t o b l e n ' o f  c a lo t o m  t o d  c i t r a t e  t o  a o l u t i o n a  o f . I o n i a  
t-ti^ngto o.orr#-apo^iini to. th a t of to# blood (1 # 0*160) 
i M  a o to c o H  t o o  p r o a o a e a  o f  t o S i t o  ( O t t o  © i t r & t t ) ' f o r  
to leh  too pS w a  S*iH# ■ fe-tooa# © *perimtots i t  was to# 
o a to im  ion . oom oiitration wMoti nm$ measured* tM s being 
detomlnod ^ ..reco rd ing  the amplitude of toa contraction 
of t to  r t i ^ r l e i t . e f  to , iso la ted  f r e g i r  tea rt*  -
I t  iroom aM  (10) Ootamtoad to# pH olmng# 
accompanying t to  formation of oemptoos of calcium with a 
large mttstoar. -of organic a$ida#-'lm ludtog c itr ic , acid* 
without using toego measurements: to  calcu late too 
i i i fo a ia t io n  gosmttoto of tto- various complexes produced* 
I t  would seem th a t fee eonsidorei the varia tions of p i to  
moat o»mplos to  to  too sm all» h dissociation, constant
44#*
tm  .C*£4fc% to  good ag**«wnt wito Haitlngs1' m lm § wm 
obtained by ect^ldertog tbs m tm m 4  so lu b ility  of calcium . 
oxalate insodium  c i t r a te  solutions#
'I#  l#  Joseph {221 used h is electrode of the th ird
hind f b , % I C a C - s O ^ #C&++ w ith a AgUgGl electrode to  " 
solutions oontaiiiiiig ,potoisim  c itra te *  fod ira  ohlorid# ;■ 
aM calcium chloride* ■v- f tm lento ' s treng th  was maintained 
a t §*i§.and from th t  fo r  tarious' oltim to :,
concentrations to o . ooiioisntrationo of 0a++ tons wore-. 
calculated s i t in g  a. pit fo r CaC&t* of 3#$sg*
St- Holm (23) dotOBainea the p i e lec t r  m e tr ic a lly  
during too _t i t r a t io n  of d ilu te  solutions of various 
organic acids w ith sodium hydroxide* . The addition of 
e a lc im  chloride caused a displacement o f the. curve fo r 
eltrlo- m id* and th is  v aria tion  to  p i wm need to., 
calcu late  .the  d issocia tion  constants of# hot. only CaOit*, 
hut a lso  CalOit#
'Schubert and ttodohbaum {24} determined.the • -
d issocia tion  constant ot  OaOit* by the equilibrium  ion 
exchange technique. . Solutions were barb ita l-bu ffered  a t  
pH V*gS, the ionic streng th  w&t 0*10 and toe temperature
Tirc-Wi
of t t o  nature o f its# eo pieces between 
oaielm '&nd a I t  ra te  lone aM  tlaeli* respective d issocia tion  
constants#" - :fis ’;t e r  oour s i ‘ o f  v#»o& o a lo u la tia n i; a  •! 1 ; 
th e o re tica l ta lu s ';of t t o p S 1' o f oaeh oaturm tei so lution far 
obtained itte ire g m :b t compared' witti t to  teperim ental; ^altie 
cbsertM ^wlth o a e lre f :these solution#*''' . . . ■
'  00re n itn ^ i:o lt i^ t# ': ** fefifeeM erit t e i i  buffer# {03}u 
m m  pmpm®4 by Ai##oiving 01*008 g* e r ja ia ll tn o  c i t r ic  
moii in  water, aiding ©00 mi* ;t*  so lu tion  of sodium 
t^feoaii#* makimg t^©- one i l t r #  I ®/10 Alfodin® bpirogtfi 
e i t r a ie  so lu tion  ]  W  u a lt^  w ife M/M hydrochloric acid*
; ( al*  o f IV'lO go3.tsfcS.ei3 ) i ( ml# « f 15/so i
; pa
■' 2.0*0 ■ : - ■ : ■ ■ ■ ■ - : - ■ ■
' " ' 0*0 
8*0
■ : g*0 ' '
■ 0'»0 ‘
1*0 i
s*o |
 ^ .t^a. ^ ti. k- .Mfc. J 
■$*$
'4*088 
’ 4*eso 
: 4*63®
1 i* 6 9 f '; ;
■ ■"“ "’" * m m m m m  1 ' "-"
■'.;.-fbi soX felH tf of-ealeiw ioO at#. t e a ^ d r a t o  in  1/ 10- 
i i i o d l m  b y d ro io n .c i t r a t t  e lu t io n ,  a t  £&°0 * m#-: found to
ft! vary high, and fo r $i£>*squont so lu b ility  
determ inations, tM  c i t r a te  solutions and the citrate •  
hydrochloric acid mixtures' wtre used a t the reduced 
ccacoirtr&tions:8 /$ 0 ,'3/10® ®hd 'H^ OOt the sss mlsstu**® was 
■! a lae  used a t  li/S5« .......  .... .. ■
' the H/S9 diaoalua hydrogen; citrate solution m i 
' prepared t>y dissolving the calculated weight (4*201 g.) of 
’AnalaR crystalline citric acid in  water, and adding to 
’ this 8*133 g* of anybyfireua sodlura carbonate previously 
heated at 140C.* the restating solution was boiled to  
expel a ll carbon dioxide and after cooling was s®d® up to 
on® litre* ffaa i-!/ioo solution was prepared by dilution 
of 500 ml* of the I^ SO solution to one litre and in like 
manner the sy'SOO solution was prepared from the 1/100 
solution*
.-In the preparation of the buffers, the appropriate 
weights of the solids were dissolved, the solutions boiled 
and cooled as before, and the required volume of b/10 
hydrochloric acid m s added to the mixture before making 
Up to the litre* ’’Boiled out” d istilled  water was used 
in  the preparation of a ll these solutions*
. ■-i n t o i  oitfcato solu tions o f
dofl&iio molarity wltH; oaiotat ledats mtr85°<U:- t o  '^ •■■ ■ ■■ ■
-proMdux# adopted van t o  m tu m t im
' o f : phosphate solutions { page 10 )« . fefee p i
'd t o r a l m f  ions' Eolt feoff*.# feonm"'•»':tooim lo ac id , buffom  
were again adopted a# ; standard#: fo r  eostparisons* Wot , a l l  
"m m m m m M  ' o f -pS In t o  rang# 4 t-f 5 t o , Ind icator used 
m s-fe rm o ^ to sa l green b u t. fo r a f m  so lu tions of pH. above 
and :bsio»-bids rang# the .iM ie a to r-to ia tlo n f wera ...  
reaj^otiiroly- rod. and bmmopuom% blue* dolour ■.
o c^ a riso n s  i ^ p o ' ^  mutbodu a i r t o f  d eso rto d
C pug# 10 J  #
fho^vM lo  o f tbs- o^porimoistal work » s  duplicated and 
from the re s u lts  i t  would .appom  t t e t  tim  so lu b ility  ■ 
re su lts  reported are aorrso t to  1 part in  1*000# ffe# 
■most probable re su lts  of t o  so lu b ility  a n d .p i . , ; 
do tem lm tlo n s f o r , t o  o ltra t#  and c i tr a te  « dt^rdrooblorio 
to ld  solutions, a re  .given in  tab le  S*« . :fbo s o lu b i l i ty ;, 
data  a r t  aleo prasantod graphically  in  figure I# on.- ...
ii ' i f  itftjMmnnin
ffibl# ®*
49,
.«JSflHS©S6£3,tion  o f idiiit.s la«n*aiiS lM ?
-. ,5 l8 c4 lm .Sfareei&eri© .S o lu b ility . ,  p i  . , . p s . :
,.:to5dfege» -;
■.. eitr& te .
■. •,,- a c i d . ,, ■ : ©f. e a le lm  
.. iodato. •.
before . 
eatK* ;
after...
sa tn«
' : ' • m • '.
' s * m  ■
■ m . ;.....7*84 :■ : 
:■;■ 9*20 • ■ , 5*48 : 4*4H. ; .
, 10*00' ■ .■ *i» 
**■
\ . .  :10*«1 
.1 5 * 8 0 ,,:
. 8*53 ; 
■ ,  8*30 ■
■ : 4*53 
;4*85
,4*so ■■,; .:’■ 0*50 : e  * m  \ . 8*18 ; .4*34 .
s#oo ■, , I*00 10*18 1: . 4*39 .
18*09. : i*00 ..-.: 1 . 12*33 . ‘ 5*1? ; 4*48
.4*00, ■ ■1*00;. . ; , ■: . 8»77 ■ . . .  4*90 : ,' : 4*3?
'..•■8*00 : ,■,■■, t*00- ■I ,  9*88-., ,  : 4*84'; ■.•,■4*98
W * W- ■ 4*00 11*30.,,..; ■.... 4*80 ; 4*84
,.'■,8*25 , 0 * ’Qo ,..8*88 ; ■ 3*71
. 0*00 . : . . ■■■ : . , ,8 * 5 3  ; 8*85: , . 8* 70 ■
:l0*w ...; .'■,..^ ■■10*00 ■■... ’ : ■ v®*oa ,  , : S*iS ,; ..■5*70. :
■, 80*00 ■; ;80*00 ■;■■'■ , ,  10*04 . 8*77, '.’3*84.
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■ /  ■' I #  t  aotetioi* ioiato
; tea** ] I1 O3 T *tl ** k **n&
f  h®. s s l^ i l i t y  of ealeta* iadat# is  ednsidsrabiy ijaawaeed 
/by t!».i3res©r,c®:cif.gifefa'|0i :iadieaiiBg.tl»'6.ilat'. , ' . v.  ' . . .  
essneeatretiea ef Gs++ ■ lasa^bm ;<Iae»afl©<3 * . fisis Bay b# 
accounfcsd for by assaying soapiest f  omafclea Mtwsea Ca**;
&m nacitj% mtf*. ma/m c i# »  ■ ' ■■
Thus ffo* * sodium o lt» ta  * bydrueLloi'ie aeid buffs? 
eatamtsd witb oaiaim tod&te tbs s&soiss-ptfsasnt w ill, in  
fsasral, to® t*
i t ,  Ka+ ,  m.Q3 t  c a X 0 3+ * Ca‘+* C a i i . C l t " ,  CaSSit, 
:C«Cifc,*Y %Cit, lij.Gifj, bSlt*, Git'*, 1§J aM Ci** '
Consideration.of elao%s>s*»sufei,a lity  giirss* '
[if] + L»a+] + LcalOa] + ^[Ga^] + [caila0 ifc+] : «
[GaSit*] + [%Cifc~] + 2*  [mtFT + 3* [Ci^] + [lOj ] + [Cl*]
: . By addling to  ia0li $Mt of'tM§- tp^feion 
[ l l 0 3 ]  + [ S a l O j ]  •■ + [ C s s % C i t + l  + S * [ G a S C l t ]  + - S . t C a C i t * ]  ■
+ S*[BaCit]*
i t  hmtmMM"
eoi$rta#fcrie
to$&l
04k#
Vg.ing tint orplrla&l re la tionsh ip  due to. C#W*P&vi©» f©)#
r ■/% ** Q*SO*I-i as f  .P..f* -  «*
L l + / I  ; J
s  0»355S/l«4 s- 0*8537
fta® th®isj®dy»aaie d isso alfttio s ©onsfcsnt;' K is  .given .toy 
S ** log S -  6.P(1) #s .1*845 * .1*583 »  . .5*5888.
K «  %*% x  ~ * s
Xog.l.eaCit*] «  leg  tcs++] ..LciCI** S*3Sg8 ;* .8*P{I)
0f* 0s * Xj L o i ^   ^ 'Soi ICp s.^10 *Ll*r
■ -fb# 0qcp0H «0ntaX' four groupe*
fbose obtained fcjr sa tu rating  d laod im  hydrogen c i t r a te  . 
so lu tions msy be referred  io n #  mrim  4# «Mieb ■those ■ 
Obtained by s a tu ra t in g th e  § i i #. i t i  M l g$S buffers# 
s e r if s  B#. c'&ndt 0 rospottltoljr#- ■
Tbs,union Me t  smllor-ton4ono7- to  unite  w ith
Ce++ ians itmn M?© tbs mora. Mgbif: efc&rgeS ■ c itra te  - ■ 
mnloMr aM in  series A the 3 jit**  ion m m m tim tlm  Is 
■low* fterffO ft I t  seen# preferable to begin calculations
on sorts*.A9 mglsgti&g ociijit1’ * to obtain value* for
%aS0it*  - th e s e . values very w ith  com entm tlon  and a
probable value can be itdm oti by extrapolation# IM a can
then be u s td ,in  ealeiAsfcieas m  se ries  D to  deteratee 
% a8 e t t+ * fo? in  s®vtm  0 the eoneentratlena of CaHaC it+ 
a re  re la tiv e ly  hltfa, the  most profeatol® value of 
%aB,C£t+ s m  W3®B t e  us®a in  t&» series  A, B and G to  
obtain  a  f in a l value o f »
» . of G
m tm * mM m
m$*mM to  b© in  (solution &m$
t , Met f SI%» GaSOg g 06* , C*SCU* GaGlt", l 3Glt, H.
Wi*•mm -h***
‘t C it and 103 *
f}m  tarnations gcw m lng equilibrium ai*®,
t  -  0*80*8* *[--£■# -  0*80,1] -  0*80.8* *F(X) „  (1) .‘ i  + IT
3] «  log [103]+ lag  [H+] * P(I) -  leg 0 .1 7 ____ (2).
C,W,Davies (87),
log Leased »  leg  tca++] , 110*] * log ©*is -  s,F{l) (s)
fX0“] =* [total lodate] -  [EIOj] * [CalO^ 'J  (4).
leg  t e n  *  log 7*116 x 10**7 -  S.log [103] + S.F(X) _  {g)»

- M e t h o d  - o f  s u c c e s s i v e  u s e d ^ t e  © a l e n l m t e
a n .  mmrmdMmM® m l r n s  . . f e l l *  , f  r p m  « g n l t i s ; f a  Mmim. k »
• .•:. ifpf«4ma%a' t^^tm  concentrations of each of
ttm species. asmriod,. to ba present. wort assigned to e rd e r  s 
to  arritrf a t m f i r s t  ^ppvosiimtim fw  ttie talma of the 
Ionia atrtngth. l«  f.M§ valu«s of 1 was maoi in  
(XI to  glvf .11X1* which In  turn.was m m  M ill f i r s t  . 
affro^im tiona of tpa++] and [XG*] in  «$&t!on (a) to 
y i t l i  a second approjilmatieii fo r  [OalO^] * tM  aodond 
mpproE lm tion ' fo r  In  # q a a t i« i4 |- f i# M i  m «sooi&r’
;mppro%liiation for [ X O J ]  u & t o b  m i . u o M  in  equation { 5 )  to  
g it#  a  second fo r  l^a+4] #
fi*oos equation <63* a w lua i f  obtained for fcaoit**] . 
+ toanoit]..KMoh# wMn app liod 'to 'aquation  (*?)*> g i t i t
[ i 3 C i i ]  +  [ J f ^ C i i * ]  +  [ 0 8  i t ? * ]  +  i C i t f * ] *  mw x *  E q u a t i o n s  
i # 0 and 10 gift talmas'for Ms# ratios lGi|P]/[05it?*] ,
[f^i%*]/[ECl^] and [S^61tj/DKitT3 t^epeoiitelff -femt
I + tba sm of'ttoif' ratios -6 # from wbiefe
relationship a second approximation for \MQl%r] i s
obtained# Each ratio is  multiplied h f  Mae eeaord ■
approximation for [HCifr] and ttio results are second
approximations for [01tr}» [Edit"*] &M [E30 i t ] »
Using aquation. (IX) a  second approximation i f
at
cbt*iM4 for [CoGllT] ebieh on Mtumttfg to tb* rtim lt 
from {6} glt@t [OgHOit]#., . . . . .
' . fu ttlag  those. tosond appro&imtlo&s. ia, equation, ( 12) 
feasibly* to. error »,«U* Mae f le e tro ^ tw tra lit? '
the obrerirod p i t&praatpd to 
0*01 I t  aci.Jaot.o4 to  ro l le r  8 * t^ptauai im orioellsr*
. fMt ■ W #  prooftmro; la repeated until a steady value
for fcto.ooftoe&bf&tion of taeh of . the epeeiea la obtained* 
fitiaXXf %gnp||. t# obtained from, tbe fqm bl«r . '■
■ fca++1 r
lOg SP " l©g % |® ig  ' +
Tbe roittlta of calculations os series'A solutions
aaaamiis§ the presence of Osfilt* and Oai0it#' but neglecting 
OmlfilCit+ f ar# ahoiifi to table 6# on page' 60*'
''.WML* «♦ f . . . ,
if* mit%pa&*» pw  litre#  ■ 
6tt*6t* #*0© ■ . -I©*©©' 80*00
SMltit • 10*00 ; 89*00 ■40*00:
©*§0 . 10*61..' 13*30
■ ;* ' \ ' 
to ta l ioSfct# 18*40 21*23 .26*60
pi 4*48 4*83 4*65
pi t&aorotic&i 4*83' 4*67 4*®4
log [al- S*63 S*Sl. . S*4S
H+ : 0*04 0*03 0*03 .
Sa+ 10*00 80*00 40*00
GOI0.3 "0*43 0*37 0*58.
m +"*'Ca 6*70 '4*73 3«SS
eaaeit" ■ 1*03 ' 3*32 6*11
CaOlt* " , ■ :.1*10 ’ 8*19 ' 4*88 '
H3Sife ■ 0*G3 :■ 0.OS ■ ■'■■; ■. ■ 0*10
H^ CIO*.: : ■ ■1*00 ' 8*03 , 4*23
f f i i f ;  ■. ' ■ o*e§ . 8*86 . 8*05
Citf* 0*0 3 ' , o*oa 0*39
I03 17*08 80*88 86*88
I * 10* 28*70 36*00 68*82
F ( l j ■0*1308 6*1638 0*1831
%aCII* x 1 0 ■' 0*021 ' ■ 0*081 0*081
%&BS£t 11 ^p«*pt ## 0*767 0*782 ' 0*810
D + 0*01 *» 0*04 » 0*63
Mf&tet'of...eale^latioa.of -.3L , **4 
*fca#0tol vaults* iaalilrig..(ii0# of. %hi
llM lS-B
tAartSwwawa
4 p t w
S otim  4  ©xpei’issnfcai re su lts  gava fo r  %aHGlfe»
:■. »«? K &T % 7*0 x 10“^ and 6*1 s  10*4.
F r e a  t h o s e *  m ' r a l w i  o f  8 * 0  x  l o ^ a a  a d o p te d  Sot m o  i n  
the » s©ri«a a f  re s u lts  ho obtain *
$ ta« « th ed  of successive approximations follow# a 
©saw® sim ilar to  th a t  a l r w t r  ssdd, but w ith the 
following modificationsI-
(a) 2a acid iolwtlens equation a i s  used' to obtain 
[HX03]
(b) tsfo3l i s  a f f s e t i ta  in  ognatlea 4 and in  the 
reduced fom  of lb© al®sti*o*n@utmlitf 'aquation 12.
to) EeaHLjCit+] i s  ©ffoctiva In  aquations e , 7 and 12.
«. .' (&l l o g  ' *  l o g  S « 0  a  1 0 * 4  + 4 . F C I )
[GaBBit] " - .
i»  used to  oftlcttXat* [C f iiS C lt i]  .
(®) aim® dissociation m m tm M  art now & v & J 
fo r G&Git* tM  irmXtit o f [CgS^Cifc*] ig  ,
obiaimd jfm  tqp&tim- 6#
I f)  ; ■ f  km- v&Xm* f o r  ; w  euleuiiited' iw m
 [ e s +] V ».
~ H S 2 ^ i ? t * “ ' ^ clt+
■ of' tbeae final ealeulatioae for the
se rlti n'.m® Imb&iM In fabl# i $ ptgt§ 00 to- S6#-
r ..,M .li. B aed
. . . - O t i .  I >  ■
experimental, results lead to  IM t# valuei for g j^+ 
wbieti a r t
8*5 X 10*% 8*6.35 10*2-. am 6*8 * iQ*%. ;
fborefera i t  §#0ai preferable to  take 'a probable value for 
+ of 0*08# . f h i i  i i  used in ealeul&bloiis m the 
experimental results in  aeries A* B aisd $#
■ v these calcu lations are sim ilar to- those sueeasslv© 
appreciation# already deseriMd*. However in the 
ealeuXations on se rie s  0# the dissooi&tion constants
% a 0 it*  ^  ^ aH O it w@3?@ used f o r  d o tem in in g  [C aO lf] and 
[Oafldlt] respectively, [0al2€ it+l  was obtained from 
equation 0 and ea^eulated the equation
relating to % to  equilibrium of th is  wpeci#* with i t s  
dlstooi&bed products* In. these calculations the’
d issocia tion  .senstiu&s' nm&- fo r
dsterain lng  [0&0ib~] &s$[C&%Cli+] § [OaHOit] was obtained 
i r m  equa tio n  0 and ca lcu la ted  t r m  th e  equation
re la tin g , t o  th e  e c p i l lb r im  of' t h i s  spec ies w ith  i t *  
d ie tocla ted  products l« e* ■
M  Gsmi% ** Sa+ + HCit®
  asd . (to) . ;.CaBSils. ^  . H+ • + CaCtt*.:' ■ ■ - ■ "
It fast hmn stated that pH has been adjusted to 
satisfy  stoichlometrio requirements* sM  the error D on 
the' electrc^noutr&llfcy equation has been kept to a minimum 
numeric ally* the moan of nine detemimtions is  
%&HGit ** 0*02 x ID*8. final approximation leaves
the value of ^  + wobanged* sad + 0*08 is
adopted* ■ ■ ’ '
in  milllmalt* pm Itit#&*.
A!, AS,' " ’ AS#’
citf6t0" ; §*eo ' 19*00 20*00
i#dlm §0*00 ’ 40*00
g»go 10*01 13*30
fatal tgdat* ' is* 40 01*00 86*60
pi 4 *m 4*8$ 4*65
pi tteoxy 4*53 .4*87 \ 4*64
log LS+] ■ § »m S*Sl ' §*4S
S+ ' ■ ' ■ ‘ 0*04 :' '©*©$' ' ' 0*03
8&+: 10*00 ■'•:0O*OO'; ' - 40*00.
II03 ':; ■ " ! : "teos fes» v o*oos
8*XQ*"- .. .' 0*40 ::W©*3f 0*38'
C*+t-■•■* ' ’ ■ & • ¥ §  :i 4*74' 3465
C^Cit* ■' ' "0«04;''' ' 0*0$ 0*08-
CeSCtt ” 1*85 3*8$ 6*03
CoCitf 1*13. ' 8*80 4*22
S3Cits 0*03 0*08 0*11
HxCit* 1*01 8*09 4*23
EClt “ ’ o »m 8*83 6*03
C l#( 0*03 0*08 0*80
to;. i f ’m 80*85 26*28
I * 10s S3»S1 ; 37*80 68*45
id ) 0*1393 0*1543 0*!S
?iM # f  4«^iia*£dU 
Qomei&r&iicra in  pm
m* ■ Bt*
Clt'Fill# ' 4*50 0*00
Art ■
f
65*
18*90
■ *fi • flfitifH^ijbMiai
Gaia'im .lod&t#
- rvw
s*§a 10*15
w**t
■ 13*83
f d la i  iGdal# 17*86 530*30 14*04
p i iEparimsntal ■' > 4*34 4*39 4*46
'pi t1»©GJ*f 4*41 4*43 ' 4*31
log i n 1*00 5* 63 ■ S*58
r* 0*05 ■ , 0*04 0*04
Sa+ 0*00 ; i6»oo ■86*00
1103 £<039 than • 0* 00S
caiOj 0*43 0*39 ' 0*84’
Ca++ 6*03 5*13. 4*13
CaT^Cit+ . 0*04 0*07 o * u
CafiClt; ■ 1*71 3*03 ■..-4**38
CaOlt* 0*77 1*63 -8*08
H3Cit 0*65 0*09 o# ii
SjCit*-.- 1*11 ■g*S3 .4*83
s c i t r . .. 0*80 1*©0' ’4»08
■s#
o i r . 0*OS 0*03 -.0*18
IOj 17*53 19*01 14*00
ei"  ■ 0*50. 1*00 .v 3*00
1 x 103 S3* 4S 35* §1 84*84
F(D 0*1385 . 0*1521 : o*m
... f t w%m . f  ■
in  milliaoltg par flirt#
Cl, 68.. 03.
4-00 8*0© 16.00
..0*00 18*0© " ■ '88*00
c*ieltsa ioiit* ,.i*w S*86 ■ 11*36
Total iodtt# if  *§€ 19*58 88*78
pH 4#§f 4*88 . 4*24
{& tt&QVf ' . ; 4#if ' 4*38 4*36
tog [s+r  , ,; S«eo ■ S*7S ; i*m
s + .; o.es 0*05
la+ .:!S*00 16*60 . . ,.80*00
U03 Loss ■ tbaa o.opaf
caio3+ • .0*43 0*41 0*37
++Ca 6*30 8*64 .. 4*73
Ca31Clt+ " 0*05 0*09 . 0*18
Saiffllfe ' . ' 1*61 8*47 ' ; . 4*10
CaGlt* 0*48 1*08 ' t*m
s3cifc p*08 0*14 ..., 0*2$
ly j it f 1*83 8*63 . . ■.■8*48
ffiif3 0.64 '1*68 ' 8*08
m m 0*01 0*05 V. .0*10
xo; ' 17*11 18*81. 88*88
C l" . 1*60 ■ 8*00 4*00
t  x  IQ3 88*08' SB*15 V.: 80*08
F(I) ■ ’ ., 0*1380 ■ 0*1§©9 0*1%
f i b l t  f  eontimedU
aom entm tiaria in  millimoles pm  l i t r e .
DiS* D3* S4.
titrate ’8*00 10*00 20*00
iMirn r 10*00 so* 00 40*00
balelm ietete m m  ' ©*03 10*04
fetal tei&t# 17i06 13*13 20*08
pi1 experimental ; >3*76 8*70 5*54
1M ■ m m 8*57 ■ $*m
. •' p . +n *M ■ *# - m>a<log fal 4*47 4*81 4*53
+« . 0*30 o*ss 0*34
J?a+ 10*00 80*00 40*00
ss% 0*0® 0*0® ’ ■ 0*02
eal#3 Q*4S 0*45 0*43
Ca++ 7*1® 7*00 6*73
0*1® 0*83 ' 0*51
CaUSlt 0*77 > 81 2*10
CaCi%* 0*00 0»©S 0*13
83Glt 0*02 1*77.. . .8*57
.3*00 . . S*03 12*10
S l i f a*m 0*07 1*47
■ •*» 
citr , less tbaa 0*005 0*01
so; ' 16*sa . 17*60. 19*63
Cl* 5*00 . . 10*00 20*00
% x y y ‘ 52*61 . 48*70 62*03
F{S) 0*1404 0*1607 0*181
0*30
Seim  .(83) te s ; reported d issocia tion  constants fo r 
** 0a++ + O itr • g ** 1 *4 $ % m * 5  ■ 
§®mi% **; .ca* + l o i i r  ' 1 ^  i # i t  x 10*^
Yhftg* ta im ii are iov t*  itrnm tfea corresponding
figures* §* l x itf* IM  8*1 « respoctivslr*  
deduced in  IMi work# a consideration of reasom for 
the disagreement soemi to bt definable*
Holm t i t r a te d  e lo c trM str io a ily  (a) 0 *0 0 2 $ 1* c i t r i c  
acid + O+0Q70 1* potassium oblopMi and f t)  0 *0 0 2 $ &* 
c i t r i c  acid + O+0OSS H* calcium cklerM e wlbt* H/lO soiluia 
bpdroxMt * Sffct pH was p lo tted  against oipiiraionte of 
a lk a li  added* the curve A m  to  f t )  i t  b # l «  tip  curtr*- 
duo t o . (a) # divergence im r t ts io g  will* tided  a lk a li  m $ it  
t t e  nouiralisablom i t  almost complete# lo  pS pain ts mom' 
reported* tn  ®m tab le  each of i b t  m m m & m tlo m  o f 
a lk a li  a t  mhioh measurements^ wore mads to  compile part of 
curv# f t)  wore reported* together f /ith  th e  corresponding ' 
calculated values of in  a accord tab le  m ch  o f
t to  concentrations o f a lk a li  comprising the other p a rt of 
curve f t )  wire tabulated against each corresponding 
calculated  w ln t  of %g&HC.itr
- t o t e .m m m m  tk a t
tbs ionic a irtng tli i t  u m ff acted fey tsmpXex fofsaatlon and 
iMffeeftd- 1>y 'tlii ;introast^ If* volume alkali*
ttm  d issocia tion  constants of - s lb r i e ' m M  used were 
K e  ©*58 js X0*\ E «  i*l© x XQ*5 SM K *  4*17 X 10*'7 
Instomsi o f th® values 3m® to Bates ' and Pinching used In 
the present weaftt wMsb ay® 7*43 x IQ”4, 1*74 *' io“s m&
- 73*03 :3g 10**: r e s p e t t l t t l f # . work was ta r r ie d  out .
at room temptmtmrt*. iMeh to  have boon f i ca**
fhf adoption of such procedure could fee a possible source 
fo r  part-;o f btut d lffa re m t' in  t i t  vslM # -of •*# ■'
^asGit * •
An even sow  i®p©i*ia»i reason fo r  tha  d ifference cnjr 
arise m tha 'following w#7* sains asse rts  th a t torn ■ 
aothod hd ttess* in  which hydrogen ion concentration i s ' 
measure#! i # :superior to set&Ms involving determination ■ 
o f ealeito ion  concentration* Bat i t  would eesa-tfaat 
both th eo re tica l consideration# and p as t ©xpevimsrtaX 
results suggest tb s  opposite# ■ An outstanding ;:.: 
illustration i s  provided ,!m S s im 1© vis# M s
© leotrosatrle t i t r a t io n  of lactic acid with and without 
th s  -jpysssaea of ea le iaa  ions* :' Sh® addition o f 5&++ 
ions to p a r tia lly  ramtralissd lactic sold should result in  
a fa ll  in  pH duo to ths reactions
Ca++ + I>ao* v=i GaLm mA M m  ^  Lao“ + B
th e  Ext©® ©# feto®. f a l l  in  tha  p i will, depend not only ©n 
feto® ©©noentnationa ©f tb a  so lu tes but. a lso  on tha rati®
Ea®id/ '  Keocplax* ■ , .■:■,.■■
l a  B eim ’g experiment ©aiefua i m$  eaueod a very. 
nHght f a l l  in  p i in  the f i r s t  p a rt of the  t i t r a t io n  and a 
very 'a ligh t r is e  whan the acid was more than h a lf  
neutralised* f  fasas pecu liar pH Bhanges are regarded by 
'Seim as neglig ib le and a®■disc©anting eempisat formation 
between ealoinss M ’ la c ta te  in  d ilu te  so lu tion , i n  
support of th is  i t ' i s  eiaimad th a t »© appearance of cramp 
was ©fegorvsd by iohsllla® 'and Itaslsw 1105 whan th&y 
injected" la c ta ta  in t#  rabb its  and furthermore th a t 
©resnwald (10) m s  iamble t© Increase the so lu b ility  of 
sparingly folUblo calcium sa lt*  fey addition  ©f a lactate*  
fho behaviour Of the  rabbit*  I s  beyond dispute tout the 
in te rp re ta tio n 'o f  Dreejwaid1* paper saw* to  toe inco rrec t. 
Moreover"Elide (5) 6M 0* W. Davie* (73 have bo th  
established th a t ©©apis's formation ©©cure between calc iun  
ions and la c ta te  ions in  d ilu te  solution* I t  mast be 
supposed tha t' fieina’s experiments fa ile d  feaeaus®
is  « * jt i*sa * » •  V  * .*  m o * 1
0b*kianis?atiwi;- omplofoA mm
l e t t e r  low#
0»sidei»iHg Iu te * #  wmlz w ith p a r t ia l ly
' 71.
e i t r i e a e l s / t h e r e -  i s :B » a  d is t in c t  f a l l  l a  pB upon the 
addition  of Ca++ dess# Over 'the appropriate range
^ s i d / ^ o m p ^   ^ ' :
apprsxlsateis' 0*03* and as say to® expected* .the f a l l  l a  p i
laoreaaes w ith taereasing  concentration ©f 83 It® ions
witheut the o ther a i t r a te  lorn helng present# ; f i t h
increase; l a  the concentration o f c&BGit there- w ill  he a
considerable aaonat of. CaSlt* prosenti w ith l m  CsKJlt
concentration th e re ,w ill be a l i t t l e  CaSgCitt present*
( of* Tsfele 7, pages ©3 to  G7 ) . Stsa* Heins must he
incorrect in  a ttr ib u tin g  a i l  the em plex fo rm tio n  to
CaBCit and therefore  M s d issocia tion  constant fo r  th is
eeraples i s  too  low# The ©stablisiment of % ag„g^^+ Bains
does not attemptf , the $8 V ariation  is  ra th e r esall*
fho final,e« t» lu8 iana on th e  re su lts  of the  . m  ■
■ calcu lations performed <sa the present exporiasntal work 
are th a t  ©alolna Ions associate  w ith each of the  th ree  . 
c i t r a te  ions to  fo m  the specie# CaCit** GsBOit and 
CaHac i t +# fha d issociation .constant*  fo r  the various 
processes a re  as follows!
CaCit** v= Ca+* + Git*. "  K m ' 8*1 s  10*5-
CallQit -x- ca++ + f f i i t* ' \ K #«* ®*i x in r*
GaBjGit* V=—" Ca++ + H ^ it* K m 0*0 X 10"i
CeBSlt v - - 1 CaClt* + 11* K a* 1.® X-10*5
CaB2Clt+ ■*--* GaHCit + II+ E m 1*7 x 10"3
f to  d issocia tion  constant* tabulated fo r CaGlt* ard 
* '■ ; v 
CaHClt show thsgs oaleiwa s a lts  to  too the weakest so fa r
known, t m  value JE»  g*1 % 10'Vor- CaCit" i s  ssueto lows?
t o n  Km O.©01« tm 'c m a im )*  m l  % m ©*00034 fop CaP30*.
f to  value %m i* i: * 10"^ fo r CafiSlfc i*  fan  low®? than
K ** ©*o©53 fop c a le ito  sulpha*®.,, S *■ ©*ol fop eaieluta
thiosulpbat®* S *» .0*0033 fo r  calcium saaloiats and
' e  m' 0*001 to t  calcium ex&lats* f to  value s  k  o*o$ fop
©alt*© it*  i s  a lso  low. fo r  tM ss reasons the prsbatol® 
structu res fo r  toto th ree  es ic iu a  c i t r a te  complexes are#
'CHjHSQQ '  m . *■ laii-c©©! '
1 /■ OH"
c:  ^ "^ CaI eo©"^
_ciit**e©o -
•^-0S s-f 'yea.I v0©0
_©s2_*coos J
1 ^CIIe. J?CaI x©00
,esi*c©0ii _
i t  f i r s t  s igh t the value { *  0*03.for C«Sap if ' i s  
scarcely  lower than E «• 0*004 fo r  Call JO* (a -  s*3 1) » 
f to  postu la tion  of chelation  in  the former species sees* 
to  depend on i t  toeing a  hydroxycafboxylate ra th e r than on 
I t s  E value. However* tbs* explanation of the re la tiv e ly  
high S value e f . tM s. complex CaSa6 it+ la  apparent a f te r  a 
consideration o f the work on the e&lciwa s a l t s  of sob® 
«sito*aei4s and dlpepti&sc toy ©* W* Davies and 
f irs t 's*  a .  Waind (23). in  th is  i t  was estab lished  th a t 
the tendency fo r  tb s formation of a structure#
wWm'-' X «n4 t  m$ moiiotslant-atoM ©£ ®r<mpa# t f ; grefttly
tli# ,g iy s « lm  wltii X- »  wit&.l*
M kw lit It m f h® tta&t tbft tc^&Ksjr for
£&£ of tfaa ittmetmr#
*ofci *• OH
" ■ ■  ^ C a  ■"" '" '
X  ■Q ss 0  • 0
Ssnb* ps&ugsd by th#'preasne* of i  ahd/or f» ' Sbaa
& m 0*023 fo r taleiu®  glyedll&ts* bu t K »  0*034 fo r 
ealoiua la c ta te  aM & *• 0*035 fo r  ©sleiua iten ie lste .
In  o&Bafit* x ssad X are  each **03 0003 m& fo r  th is  reason 
the K w teo  t#  0*0i*
For bb© proeOsa Galfeit ■?=^S®Sit* + If  
K i s  I*® x, Iff*5 and fo r  tha process 
w * i^  ' * t? : ' '  1 fa  3*$s x lo * 7 #
In tha first, process tba hydrogen Ion is  sttractad by'a 
species which bears a single negative eterge and'which 
possesses only ©no position i s  which tbs hydrogen may ' 
return. In'tbs second'process tbs hydrogen ion is  
attracted by a species wtoiab bears.a tripl® negative 
eharga.'snd which possessesthree positions to which tha
h fdm $m  may 'petwfiu at;rottslb of tM « tb t  ; ' ' : ' 
d l t s o e i & t l o n  t ib ia 'W e id  O a lQ it t -  l a '  40 tim m  t b a t
Of tfca d issocia tion  constant fo r o ltr lo  acid* . ■
" t w  :ilit"p^ oooii---Cosy*i%f'^=^0tdSi%% ' + H +
E I s  i* f  i  i t * 3 luad'for
-9^ HCIC + H + :: '■ '-'It Is  1-74 x 10“ s .
In  tiia .flrat of t&sso proostesstMrs In  om position  in  
tb s  nnoMrgoi spool©® c&ncit to  which ilm  hy&rogon ion 
may m tm n * : in  ‘ tbs' itoomd p?m®m tbs ’ hyiroiioii ion  i t
attapsotsdi by a tpocisa which bomrt a douhls negative 
ohargs s i i  which possess©® two 'positional to  which the 
byipogoii may S1# 'to #  At * oom8t$isijos' o f ttdi' the"’'
tiftooiallon  constant' 'of 'Ct^Clt* as a 'monObatia' m id  Ib “ 
ap p i^ iaa to iy 'o n o  bhniract tftas* th a t of tb s  second .... 
Alitooiation toiattant o f c itr ic  acid#
Kilda (4) has directed  a tten tio n  to  the usefulness of: 
calcium lodate hexabydret® fox* tb s  a@t««ali»ti©0 of 
calcium ion concentrations In  solutions by measuring i t s  
so lu b ility  in  the solutions concerned* Th@r® Is* In th is  
paper, a  section on tbo so lu b ility  of calcium iodat® 
bssabydrat® la some alfealino solutions# f re a  the 
experimental results a constant fo r the dissociation of 
tha species eastf" a t  SS0G« was derived*
The f in a l section  of the  Sam® paper i s  concerned 
with the  so lu b ility  of calcium iodat® In  euer®»®*iim© 
solutions* Two re su lts  fo r  so lu b ility  in  lime* 0*1 M. 
sucres© solutions .are report®!* In  each the so lu b ility  
of e a le im  iodat© is  g rea ter than i t  Is  in  pur® water, 
which i s  ind icative  of w ry  lew concentrations of calcium 
ions in  these lim® * sueroa® solutions* Th® concentration 
of l i a s  in  each of those shcros® solutions was g rea ter 
than th a t fo r  a  saturated so lu tion  of lime in  pure water.
I t  would be of in te re s t to  determine the so lu b ility  
of calcium iodat® in  lim® •  sucrose so lu tio n s, varying
n
tba.llm e eementrefcietmi . wM lst iminttinlng,. a c o n s ta n t '.. 
cem ent ra tio n  of Bmmm* WitM m reasom tolt tm tw .  of 
•e lv to lllty  d#te*miMUoQ* fo r  d iffe ren t eome&fcrationa of 
lime i n  0*1 M* aneroiit so lu tion  the resu lt#  could to# 
expressed gpapMeally toy p lo ttin g  tto# so lu b ility  of' 
so ld im  io&ate against list# comentr&tion, giving lin es ■ 
fo r e o m tw t
Severerg eueli graph# #r# ,e.f greater inter#*# If
compared with a graph of ttoe so lubility  of calcium . 
iodato in  solutions of lim# in  the Absence of Bnovom*
Wtm  the l i te ra tu re  i t  appeared th a t such a graph, or 
aerie# of r e s u l ts ,  1# not available* i t  was therefore 
m  a prelim inary to  meaeuremet&i in  the lim# * sucrose 
system* th a t the to lu M lib f mtasuromotits of a a le lm  ledate 
In  solutions of calcium hydroxide war# tuaderfcahen* fheee 
experiment# which are about to  to# deeeritoed* yielded 
re su lts  wMob, vhm  #td>j|eeted to  ca lcu la tio n , .yielded a 
value t o t  the iooond d issoc ia tion  eemetamt of eaieium ■ 
hydroxide#
Jtml&B oaXetea aarbom io In a platinum oruolbla was 
heated '-Btroncly Ah a muffl# furnace and tbs resu ltin g  - 
calcium oxide a lleg ed .to  cool in  4 dssisam fer ewfealnifsg 
soda Mm#* . Suitsbt# 'p o tticw  worn added bo 
l id  ml* of % ©iltd .out'1*: d ia b iliad  water contained In  .a 
ofllndbf* ;■ ftm  ,t$tis3dip. h i  stoppered .and thou abtihm bo 
diisoivo- ttm Itoa* . f w  containing the 'so lution
was a i l  owed to. stand in  order th a t ai^. brae© of calcium . 
oafboooto n i^b t io t t i t*  ' A c lea r so lu tion  Of 'o a id ita  
bfdfO&Ma could than bo removed by plpotto*
' .:  F o p '  s a t u i m t l o n  o f  m l i m l l n a  . s o l u t i o n s  'with o a l o t e t  ■ 
lod&t# i t  Is  haeSfisary to  wmwra the absone®:' of carbon 
d to id #  In  th® saturutor# ’ As described previously '
{page 10) tb s  s a l t  In  bhs ©atur&tor was washed w ith water 
w t 11 constant solwblllbf m s obtained, t h o u  t h e  wid# limb 
of th s  gatur&t®# was d ried  by using f i l t e r  paper#. A ir . 
was slowly drawn th o u g h  a tub© containing granular soda 
U a i |  then, through a htabbiar oontaining- water and f in a lly  
through. tSbo sa tu ra tes  for. h a lf  «  hour* :
. fa*'
. 80 ml# of. the so lution of calcium hydroxide m m  th m  
transferred  to- the ©aiurator by pipette# . .?bo 
concentration -of th is  lino  ’ so lu tion  ’was not predetermined 
a lnet I t  i s  s lig h tly  d ilu ted  by moisture in  the eaturator* 
fu rth em o rt the fa tw ab o r was not subjected to  a .-■ 
prelim inary w sM ng with the to s t  so lu tion , sine© once an 
a lk a lin e  so lu tion  i s  introduced in to  the sa tu ra to r, only . . 
carbon d te M #  free  a i r  must, be allowed to  enter, p rio r be 
campling#-
Sbe movement of the lime so lu tion  ever the calcium 
iedate  m s  contro lled  by thm a t »  technique as already 
described (page id ) with the additional precaution th a t 
a l l  a i r  ©hbtritig thm saturate#  fir st passed through a soda 
lime tube and then through a few mi* of water in  a bubbler*
A t' the end' of " h period o f ' not loss- ’ than ‘ three' hours: ' 
saturation the wide I l i i  of the saturator was unatoppered 
and_ throa i$ ml* tampitt withdrawn at rapidly as possible# 
Each' of these simples was aided be a l i t t l e  water in a 
conical flssl. which waa tban stoppered prior to analysis*
. Each saaplt-wai f i r s t  t i t r a te d  against standard, 
approximately f/iO , hydrochloric acid, using methyl red as 
Indicator and warning near the end point* After cooling 
the same sample was sub Joe tod to lodat* determination by 
the method previously described {page 11)*
, , ■ iy ■ adopting £&#*# methodt w ith W so lin #, solutions
e l t a r  solutions vere-obta l» d -‘at-th» end. of sa tu ra tion , 
fta# toolimi.quo .tiowfvori d o tt  hat &$k# i t  possible to  repeat 
tfew ta t t i ra tio n .e f" a \i la # s o lu tio n : of a  given concentration, 
so the to s t  fo r  sa tu ra tio n  cannot depend an the re p e titio n  ■ 
o f  resu lts*  ■ 'th a t  the various so lu tions.a r e ;saturated 
with ■ calcium lodat# oonaontration. tg a in t t 'e a lc im  . 
hydroxide oonatntfutioii. 11# on a cotmaan lin t*  ■ f  h is 
u n ifa m ity  :wat' bbttinad In  tp lto -.o f increasing th# list# of 
.saturation o f  ■ tom# of the  %lm solutions to  as long, m  
t tW 'tm n * *  ’ '
80 ,
Experimental resu lts  of the determinations of the 
so lu b ility  of.calcium  iodate hexahydr&te In eolatlona of 
palclum hydroxide at 25 0.
fable 8.
Concentrations of so lu te in  m illim oles per -litre.
Calcium hydroxide Calcium iodate
7*84
3*63 7*27
4*29 7*19
10*28 6*65
12*86 6*48
1 4 * 2 6  6*42
15*13 6*37
18*60 6*23
20*93 6*15
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In  'wliurftteA■ iod&t# solutions containing ‘lima
s i 23° € # the following :»psei0® : my b# expected to bo 
presents* Ca++* e a t03% GaSlf,. IO3 iusMHTV '
' fh# following tqm tiona govoin the e q u ilib r ia *  **
s 'x  i  4.[Cft++] ’'+ '[e*xoil + [ca® +j v  [« £ ]  + ■ [ o r ]
i _
* leg f  -  o»«o.*N ..[r7^ i  * o*«o*x] •  o»eo**\p<x) _  («)•
I©® [palO*] *  log [ o i+] .[10-] * log 0*13 -  s .p ( i)  _ _  (3 ) . 
to ta l  iedato -  [Cai03+] + t*Q?]
log [C5+] * { M * f  *  f*S§S0 + #*PU)' ______ . . ( » ) •
[CaOlf] -  to ta l  ea ie laa  * [Caio*] * [Ca++] (6)*
[OB*] »  2 x to ta l  l i a s  * [6aQ3+]_________ ____ _  _  (7).
Maying nm  of %h&m equations 0110 may establish ,
v&luss fo r concentrations of tho ionic species by a  method 
of ■ successive approximations *
%  gi?ihg approximate ra toas to., the- £of&$ . . . . . . .
eonse&iratlona to  g i f t  a- reasonable f i r s t  approximation 
i m  tha Ionic strength , of the so lu tion  fo r ttaa in  aquation 
(2) t u f i r s t  approximation fo r f i t )  m s  obtained#
Using the f i r s t  approximation fo r  F ll} # L£&++] and. ■ 
llO"] in  aquation ($ )# a second approximation fo r [CaX03+] 
My bo oa lou la ttd i ?Moh loads to  a second approximation 
fo r [I03 ] * fills  seeoiid ipproxlmatlofi fo r  [lO* ] # whoa 
substitu ted  la 'aquation  (S)* y ields a seoend approximation 
fo r  [6a++] *
Equation# f t)  and (?) enable out to  assign sm m d  
approxlmatl©ms fo r the remaining' tpsoios*
f t e  abot* process is  repeated as many times as I s  
nootssary to  obtain, no fu rth e r change in  any of the ionic 
oanetnbmtlona*
Sfhsso fin a l values, being the values required* are 
si^batitutsd In  the  ■ equation* •
log m 1 0 1  l$^++] a [TO*] * log [OaOS ] «#
Method of %alealiitiott fcy tht f  1m l
apprmlmatioa. to  the caieu lation  of the $omefttmtton$ of
t tm. ioialt ipoelo t fo r the o&pertoont&l m m l t §
mluim h|€f»ezli# SO* OS ,
m l& im  iM ata  6*10
Corat&tm tlom in  ■ • 'S&fOS)  ^ $0*95}
0o(l03}^'0*10) to ta l  e a le ta t  i?*0©| to ta l  lo ia t#  l$*S0)
to ta l  &$&roai&e 41*86#
GalSg 0*74 ; 0*74 '
Gam* ' 6*20 §»eo
C4++ 20*14 20*14
10 3* 11*60 ■ 11*66 •'
oa* ' ss*0a ,;is*6s
S e a 1 134*76 :
I  '0*06730
log 1 3*6364.
l o g / I  1*4142
1 + /  I  1*2SS5
log (1 + / l )  *1003 Using
1*313®
*2060 Eqa, 2»
0*3 x 1 *0133
f ( l )  *1003
log Ca++ 1*3040 '
log 10* 1*068®
3*860® Using 
log 0*18 1*1189
S*es30 i<p. 3 .
.*3030
log c a io ;  4*ecoo

f&bU f.
Goa© are in millimoles# or mllXi^iona/litre*
L2lS0
loctatt
0*XC£' Cavil* Ga++ 20- .01* 2 ^ a o a
o . ..7»84 0*43 ■<#*■ 7*36 10*00 m 0*08886 m
3*63: ■‘7*97 . 0*54 0*0? ©*60 14*00 6*89 0.05023 0.050
..4*29 7*19 6*6i §•82 10*11 15*83 7.76 0*03170 0*049
3.0* S3 . e * ii 0*83. 0*33 13*92 18*6? 18*18 0*0447? 0*050
2J3‘86 6*40 : §*t#: 3*11 15*5? 18*3© 82*61 0*05043 0*051
14*83 " ■8*49" ■0*6S 3*6? 13*33 18*16 24*05 0*05334 0*049
15*13 8*87 0*69 5*90 16*91; 12*05 26*3$ 0*05532 0*050
%B*m 6*23 6*72 5*05 18*83 11*74 32*05 0*06255 0*043
80*88 ■■.'6*1# ■ ' 6*74 3*80 00*14 11*66 35*66 0.06736 10*043
. Calculations Pastel on the results reported have ltd 
to  values fo r  %aO!f;:ab 9S°Gt wblob imiigt f i w  0*04$ to  
0*051* . fto  lowest values are derived from ©olutlone of 
the greatest Ionic ftrergtto, 4 moat probable value of 
0*050 Is autoibted*
lia 1054 KIM# determined t i l t  so lu b ility  of calcium 
lod&t* toxahy&rafca In  alkaline solutions and the re su lts
m m  i to t rp r e ta i  a t  denoting the pmmm®  of the 
In tfrm td ia tt ociipifa 01101% fo r  which to  calculated m 
i l i io o la t lo n  oonotmnt of 0*04# '■*■
r ‘ , - I
By 1S33 tha .existene* of efeBe? ion  p a irs . In  
p a rticu la r  8aI03-.aa3 6aI03,  «a# ©etaBliiljodi In  .solutions' 
eoatalnlng the  appropriate step!® lens (6)* For KaI03 
K Is  2*0 and f m  CalQj E i s  0*13* As a eonss<guene© of 
th is  C* if*. P&vles (23) recalculated the  d lsaoolation
eonatant fo r GaOH+* In  eaeh of fcbs solutions studied by
' ■! •.  • ‘
ElMt there wm  fto ©barged eomptoi OaX03+# and in a il  but 
one, the uncharged epteiei laX%, and tto se  tod. been 
Ignored- by him* f to n  the small corrections tod been made 
fo r t to  presence of tb*s« ion p a irs  the various valuea fo r  
&Gft©sf were each decreased and a nw  average value 0*031 
was obtained*
. - About ten years later Ball h i! Pms {30} published . 
th e  r e s u l ts  of t h a i r  study of t h e . ra ta  of decomposition 
of d isc  a to m  alcoho l in  so lu tio n s  o f calcium hydroxide* 
Aaramlng th a t  only f r e t  OS** Ions # and no t t^d roxy i 
M sec ia b td  in  the to m  of th e  i o n p l r  CaOS% wore 
®tfm%lm m- a cata lyst, they ea lo u la tti. ttm  
oonofntmtlow of 0i*f CaOS+ and Ga++ , obtaining it*  
wto# %a©n+ •* 0*051 at S5°0*# ' tMn .supports the walno 
Of the oonotant deduced In-tho .proiont- work*
In considering tte  lower constant of ,0*051'obtained 
from Elide1®* data It must b# pointed out limb this 
average I# obtained from, figures which show considerable 
variation, ond.tlorofor® ptrtops -tto second significant . 
figure may be discarded * furttoi^oi*# tM  solubility  
product for calcium iodate wMeli was used than .!»■ tower 
than.that need now, and arias* froa. taking-the so lu b ility  
i i  f  *B m illim oles/litre* One Is the r tf  or# entitled  to . 
rooaleulat# one# more, : i i i  iha average of results ao 
Obtained It then found to bo 0*04*
. fha fin a l conclusion i t  that the results of 
measurements of the so lu b ility  of calcium lodabe in
solutions oontainini calcium bydro i^d# at 23o0*t:wh0n 
subjected to calculation, load to the postulation of an 
intermediate cample* CaOif for which tho dissociation

fas so i.m its'rr op ■ c a l c i u m  ■ x m m m .  •• Sowmossii Mil i <^M^,uii*i,^ij*w^>in^t^>iri»<^wr^«niMii»iit-wiiirriiii»ifr.li< i . ..............................................................
or. • lx ^ com m m . 0UCP.Q3d ' . in tmmtmrn -m
m b im m IPfF. Am mS^-r? & .,,4-1 ......... ,...W*i>£&V
Calcima^dFmiilt Mi ma enhanced solubility to 
;'«oiotiooo' of mmm®*-". to'O* 1 IV iner### so lu tion  to#' 
solubility of oaleim Ifirc^id# i i  tooimsod fourfold* 
Elto# (4) examined toe solubility of e&leten io&at® to too 
1 1 %$ ~ 0 * 1  I f  sucres# solution* and.for $f* 6  m iiliaoli and 
S9*# millimole of calcium. hydroxide per litre  ho obtained 
a e l u M M t t o t  f o r  t o #  o a l e i m  t o t a l #  o f  8 * 1 3  a n d  1 2 * 2  
©ililmola por l i t* *  fespeetiyoiy* Ho ascribed to# 
abnormal solubility of to# Ita# in too sucrose solution* 
not only to to# acidic m t n m  of the sucrose* hut also to 
som# f o m  of association between o a e e h a ra fc #  Ion# a n d  
oalalm* Ob# of to# object# of tho present wort was to 
follow the changes to calcium ion concentration to to### 
solutions more precisely♦
g&lctom hydroxide ha# also to- enhanced so lu b ility  in  
iolutions of glycerol* In 0*2 I*, glycerol solution to# 
so lu b ility  of toe lime i t  increased by approximately IS /I* 
T h e  dctoraiimtloa of t o o  #olubiiity. of 'eaieim  iodete t o
glycerol so lu tion  to  which calcium Isydroxld# has been
added* affords a metood .of itu&ying Wm mMm &f the 
lime # g if  carol eolation*#- " The result# of such. .. . 
meesuyemCmti In IIme-* glycerol eointiohs. hay# §mm$& to 
be- capable of Qsnntltatlve treatment and are described 
■first*,., they' also: sa w -a s  a contrast to the ramaitebla 
penults which Mffe.obtftlmd when the largsi* eueroec 
molecule replaced gifeerol# ..
arm:
/ffesru
0*8 1* glycerol so lu tion  was prepared by delivering  
Atmian glycerol from a w ig h t .bu rstto . in to  a, ca lib ra ted  
v o ltm tr le  flask* m an the- calcalated  weight bad. been 
lost# % oilsd  **• out#' d i t t i lx td  water was added to. the 
f la sk  and to# so lu tion  d ilu ted  to- th e  r e a r e d  volume* 
in  th i s  s a w f  too §*i 1* glycerol solutions- war# 
prepared. im batches of 8 l i tre s*
■ fu rs  calcium oxldt was prepared as described. 
previously {.page W )* ■ I t  was converted to  the 
hydroxide by the addition  of a  su itab le  amount o f
f o i l e d  * d ie t-tiled  .water* ■ ' isolations o f o a le lm  '
bydroxite in  g i f§ # » i  wort" prepared In  a mamer sim ilar 
to that Aaacrlbad ■ previously'fw lima solutions (page 7?) #
Tor ittm rttion'of th# lima *» i Xyeerol solution with 
calcium ; iodabe i t  la  wotsamrf to  ai'm m m  of
carbon d lo tii#  in  the- saturate*#. ■ St--la a lso  essential 
th a t tbs- so lu tion  sh a ll remain 0*0 1*- with respect to  
glycerol# ' fhtrtfo?# the moist « l t  in-tfta satKUPator was 
washed with §*i I# glycerol IM the wM# 1M» of the 
satwatai* irltd  by moans of flibsp gttper* j the 'satwater 
m i then #w#pt' out with eiifeon die&ld$ free air* :
Thereafter the suteatiom of..tht a ir lin e  solution* 
aril stossc|iOBf analysis of tbs sample saturatoi with - 
oaletum'lodata* followed tbs same pattern as dtseribtd for 
lima solutions { pages 77 and f i  )# ' ft# presence of 
glyosrol.'was found to bars-no offset on tbo vslwetrio 
estimation Of oaleim hydroxide* or on tbs volumstrlo 
estimation of ioiet#* .
f a b l e  1 0 ,
Coneentralloaa of notates in  millimoles per l i t r e .
Glycerol Catalan toystaoxide C alcim  iodate 
000 ' 0 ,, ?*83
■ ,'©*61 ■ , 6*60 
. 11*74 . . , © * 5 5
10*43 ,  ,6*51
: 15*43 ■ 6*33
, ; i7*oi . , ,  «*as
, .00*45 • ■ 6*15
: 0i*?4 6*11
03*13 : . 6*65
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CALCI UM HYX>RCXlPEi IN M. Mcj>L£/UTRE; • ' I . ; I 1 : ; I !■ I ! j i ! . I : ; ;
‘ flis aoli&tlit j  of ©aXcitaa ioiat# Imandra t& In limt 
ftOlutiow At fS°0* Imi already feotn oppress#! grapM.e&XXy 
|  pag# §1 | #. and fee gassii&'mfty.bo e©nv©nu»tly r©fftw<&4 to 
m  tho ■ #. : l ife  # voiry 14
p*#a#Bt $ ;i »  iiM.w&xi.to gonoi^x b« obtn&nadt ,diiroxigins 
tifeai* obovo, op : baiow ’ tb© . *liiao lirn 1 *. A lino.. ©bow© fee 
*lim# lino1 will bo obtained fern tin &t8s©oi&fcI©rf 
ooniiant fw'-CftA+ 1ft lea#;tban .^q^. ,.#.. and below fe§n feo 
%ajf' l i  great** thanS^^* * :- i f  ■ tba.ll&ft: eoinoldM . 
wife'tli# *Mxm l i m 1 and..it i a :m likB X j tlm t Q$t* and &m 
do m% oftftoelfttfti. i t . followft feat ;tbe CfcA+, formed ban,tbs 
diftftotlfttlon/eon»tant at that for Ca08+ » : .
. f i t# , o f tho oi$ht r#gmlb$ ©f fe# 0*i 1« gXyetPol 
ftftpiftft APd vftry ©loft# to-.tb© feim© ilm ** and tlmft an a 
f i f « t  tpproafe to- tboopfttiftftl. lntftrpr»tftti©n# fea graph 
( p&m M b t pesftpdftd as ooinaiding w ith fee 
•limft lln#* and wife fefe lino produood* ' f r « .fe la  graph 
i t  m m $  to  follow fea t fee oiimnoii fto lt& illty  of lino.-in
giyaerol ftolntlons l a  probably d&e to ,.
$ ff\ + 0 .' v = ^  §" "+ ■ 1*0 $
andfedfc fee papoftftnoo of g lfoorol eanaaa no eh&nge to  fea
©aioiwm ion ©ctiwitjr* ,
I f  glyeepol m y ba fegawdsd m  a moasbasla sold# 03? 
i f  gubssqusat ioB isatiea  of the ien  6" la  su ffic ie n tly  
gsaall th a t i t  nay be noeleeteci# then th® only resultant 
changeg would ge@» to  ba duo to#
am  ' + f  cao+ . + h o
Om may mmimga $ma &m g® place of part- of the OS" ar4# 
in order to retain %a§j|+ 0*05 wall as nnchonged
ealolum Ion activ ity#  eeesaCaO in  place of part of the
romovod. by glycerol in tho proportion in  which they arc 
p vm m t in  equilibrium and to glycerol iota  not mffoet the 
iozde strengths, am  the oonoantratlon of the calcium ions 
nay bo regarded as tanehangad*
Considering oon?oaponding e loobrownoutr a ilty 
equations with, m& without glycerol* i t  is  apparent that* 
toCI * w itto a t glycerol *** tilT ] +. [®T]$ w ith ’
alsie tCmOH+] * without glycerol »  [O&OII4] + [QmB] :|f with
mC + 0 y ***■■ + s o
CaQS% I t  appears th a t OS" ions and OaOlf ions m a t be
glyoarel*
glycerol#
[OH"] ' 0*Od
[CftOU*]'
with or without glycerol#
with glycerol*
[CaO!:!+]. + [Ca§ + ] IV * ] *f *
* « t&d value o f C^aO* linm  coincide*
fto  dl&aoci&tlon o c t a n t  for -glycerol i t  n m m m tf  
in  ©rdor to  mml&k stesc&ut© vatato fo r [os*] f [0*] g 
[CaCii+J and -[Ca0+l t . tout I I  i t a l l  tw o  no ittfluom o ■©»., 
%&§ .^aifag 0*OS| s t a l l  the linos to  coincident*
4 mow pm nim  treatment for each individual yamalt 
follow*. making no assumption m  to .tto poaition  of tto, 
glycerol graph*
J*. Colvin (S i) has totom lnod to# ..activity of OH*
iom  in  solutions' of 0*01 I# eediwi Isyd'roxido containing 
variable amounts of glycerol* from toaso yeauita a 
figure for t to  dissociation constant of glycerol at 2§°B* 
may bo ealoui&toi#- flio relative table or results of .
B# l*  ,f« measurements in  Colvin1 a paper la  shown on the
98,
O ly cero l g . / l . Be M* F* VOltS‘ OH a0H ^
; 0*0604 '' 0*5044 0*883
128 ...... 0*0394 0*5254 : 0*373:
■" 200 ' 0*0314 " 0*5334 0*270
’'" ' '8 5 8 " ' ■ 6*0266 ■' 0*5382 " ' 6*221
;■'■■■■ MOD'"- 1 0*0147.' ..... ' 0*5501 J 0*135
. Olycerol reacting with hydroxide 'Should" make no ; 
d ifference to' the ionic streng th , assuming' th a t the 
glycerol Ms monobasic*. .Hence i t  follows tha t F(I) Ms 
0*0889 ' and.. * log £ca~ is  0*04445*- .
■ fab le  11* may now be extended thus, to  form tab le  12* 
In which a l l . figures, are as 'millimoles-"or"millMMons per- '' 
l i t r a ,  except K which is  Lcf ] /  [OH*] ♦ [01,
' fab le  12#' ' ' " : ' L ^
glycerol ' a "  -OH [0H“] [0*] K
0 8*83 9*783 0 .0,. m _
1370 3*73 4*132 5*65 1364*35 1*02
2173........ 2*70 ■ 2*991 -6*80 - 2166*7 . M*07
2739 2*21 2*448. , 7*35 2731*65 1*10
4348 1*35 • 1*495' 8*30 4339*7 1*28
&a.' % ■ tends to i m m m ®. with lamwmm: i n ; concentration 
of i t  -stems preferable to  . A figure
of unity i t  adopted* wMoh. ewaporpondo t© a dissociation ;, 
constant for glyooroi o f 1 0 **,Zf#
Solutions -of ■ calcium: hydroxide with glycerol, which 
nr# , saturated with calcium iodata # ccmtain ■ the species t
Ca++ , QmlQt, CaOlf # CaS+ ,  f t  0% 03* am  10* ,
t m  re la tiv e  equation© governing equilibrium mrei*
0 X I  «■ '4#[C«n +. [GalSsl.+ [CaCSl + [Ga.6+]
  ■ . + [ea*r+ [ I C £ 1 „ _ _  Cl)
" '  ‘ ' . 1®• leg i s  0*g0»g%['‘‘~ '"|§ » 0*80,1 ] ss 0*S0,g%S1(l)-, _  (g)
l e g . .{CiT] *■ leg [CalOj] •  leg  0 . 1 8  + § » F ( I )  „  _  ( 3 )
f e ta l  iolais® «  [CalOg] + [1©; ]  (4)
leg  [Ga++] [ l o r ] 1 m 7 *6588  + S*F(X). ■ ( 8 ) .
[Ca03+] + [c&G+] ** total ealoluot - [CalOg] * fsa*+] ^  (6),
loo*;
* *  2. [Ca++] + [CalOa] + [6a0a+] [esO+] •  [X0‘ ] ; i
« [03-]+' to*]
y «* total glycerol * L^ a§+J ** [0 ] + [CT] * * * * * * * *
[wriloJ /[CT] y  i  -';
The ooneen&ratlonr of the v&riouar tp telti may-bo
aat&bllabad by the method of aneceaaiife Qppvoxismtiam* ■
■ f  h# oon&ttons 1 to f  ®e maei in the ardor glvon* to
d@teimto§ [Calf*] # [10* ] f [fm++] * [fafif*] and [0n§+] ' 
respectively*
(10) Off*  ^is written aa\st> 0** -[oj: ;
aa jr ♦...0 **’ fM a'gitef the qpadratlo (x * 0*My ** $*} «* 0 *
tfhloh'ia solvodt Sfo*G%" ■ [chT] i s tten' tmmd f r « ' ( 8) and
[ 0 ] f r o m  I f ) #  • ■ '
Repetition finally rem its in tho concentrations of 
the various opoeloo remaining oonotant* %a§+ ia 
calculated f r o m  the relationship*
log % ag+ ** -log L0a++J[0*] • 'lo g  [Oa0+] * i#F{l) *
Uebia-lS*:
Coacontmtidna in'milllmoloa and m llll*tans par- litre#
G lyatrol ■ ’■ GOO '■■'■
O aleim  iydreadLdt ' 0«fl -
C&ldi&t ledat.e . . . .  .6*68
Ca++ . i$*m
CalOj ©,63
CaQfJ+ . . , 1*85..
GaS+ . . . . . .  . . . . . . . .  0*10
c ., . - . im * m  .
0“ ., ..... g*73.
© a *  . . . . . . .  .. . 1 4 * 4 4 -
1 0 3  ; , .  .1S «73 '. -
1 3t 1 0 3 ..■■ J, • .4 3 *5 3  ;
H i) ' -.0*1640
J^ >aQ+ ' 0.000
m® : ' 800.. ' ■ 800'.' ■
' 11*74 ■ ■ 18* 40 : . 15*40
.■■0*55.. J ,6*51;. , .  i*S3
14*08;. . ...IS*89 .... .■..,17*80
. o#6$ . 0*60- : §*m
0 * i4 . ;8*&1... ,.. -.8*44
. 0*48- 0*51 .0*87
100*08• 196*80 i t s  ♦ 40
;-::3*47 6*60 - .4*08
.17*08 . •.,. 18*81 ; ,08*88
Wt45 ’... ‘'18*50 -11*07
.. 47*08 ■: 50*87
0*1?0© 0.1721 . 6*1000
0*030 0*036 0*033
fa b le  13 eontlmad*
Goi^enfcratidna in  mlillmolea and ©illi*i©na per l i tre *
Olyaerel , ,. : ■ ,800 .
Cale&m Isydroxide. ■: ■ 17*01 ,,
Oaloina..legate ■.;■ ■ 0*80
Ga++ 18*24 .
Cal03+ 0*71
0a o s+ S*S7
CaG+ ' ' 0*43
0 . >94*63
6* 4*87
OlT 24*83
W t  - 11*81
1 x io3 . . 3©«?s
F (I).... 0*1845
% ftQ+ . . 0*084
too too too
, 20*46 • .. : ,81*74. V , 83*18
-,.6*1S •' ■6*11- , .,, 8*00
.80*05.. 80*78... ; . 21*66
. Of 74 0*73, 0*76
' 4*as ■6*87 \ '.-0*79
0*07'. 1*11 '■ 0*9?
% m*$M 188*89 198*88
8*$l 6*00 6*41
m *m 01*10 83*09
■ 11*60 tx  m  ■ 11*34
60*71 - 69* s o . 72*46
0*181© 0*1945 : 0*1978
0*030 0*040 0*053
Calculated values for SU^ nbm a considerable
variation, the mmimm  value being 0*098 an! the minimum 
0*O46« When the dissociation constant %n0n+ was 
determined the range of .results was much closer , l#e* ; 
0*651 be 0*048# At f ir s t  slight therefore, the results 
for discouraging#- Yet the resu lts, whan
expressed graphically, show very small divergencies from 
a common curve* ■
flee explanation of the largo variation in  tome of the 
%a§+ waluss lies- in a consideration of the values of [0 * 1  
and [CaO+J * the values of [ 0 *] vary from 0*76 to ©*41 
©llll**ions par litr e , but [Ca&+] begins at 0*18, and m m  
for the Mghcst concentration of lima, scarcely attains 
one milli*lon per litre# ; therefore m y small' 
experimental error, which .will alter [0 m©+] by a small 
amount, w ill cause a very large change to [CT]/[Ga0 +] md 
hence to I%a@+# Such sensitivity did not arise in the 
determination of [CaOH+l ,■ described earlier, because then 
the values of [CaOif] were six times greater than 
corresponding values for [C&8+] In these glycerol 
experiments#
■104#
• For these reasons' i t  i s  submitted that la  deciding 
the most-probable value-for :^ : the f i r s t ’ value- of
■0*008 ean be discarded f. ■ the value of [ca8+J i s  too 'email# 
to  arithmetical mean of the’ remaining values for 
gives a valuo of 0*0©*" "But 'the pattern of th e m  resu lts  
hardly justifies- the ■arittoetteal-moan-' being selected as 
the moat probable value# • i t  is-submitted that the most 
probable r e s u l t■ fo r  % 4@+ i s ' 0*088* •
Sucrose solutions m m : prepared by d issolving the ;
appropriate w ig h t of AnalaH sucrose to  *bolled * out* 
d is t i l le d  water an! making the volume up to  two l i t r e s  in  
a graduated flask# She. preparation of pure calcium oxide, 
i t s  conversion to  ealcim 'hydroxide and the imbsequent 
preparation of lime •  mmwom- so lu tions, were carried  out 
as described previously f  or the lime * glycerol 
experiments# to  order to  maintain an absence of carbon' 
dioxide to" the te s t  so lu tio n , s a tu ra tio n ’of lim e*  sucrose 
w ith calcium io&ate was subject to  th e ;seme procedure as' 
adopted fo r i to s  * glycerol s o lu t io n s {"page 92 )• 
fhe'presence of sucrose-was found'to have-'no e ffec t on the 
volumetric estim ation of calcium hydroxii# or on the ■ 
volume t r i e  -estimation of -lodate*
taSie 14,
Conoentratldns of solutes In ta iillao laa  -gap l i t r e .  
Sue'roaa ' ; Calelm b^rexida - Galotei iodata
100 - . 0 /  ■ - ; ■■: ■ 7*82 ■ \
S*gf ■ 7*42
4*OS 7*16
 4*14. 7* IS
7*05 
0.70
0*83 ; 6*60
11*37 6*51
11*63 0*40
12*23 6*44
14*66 ' 0*36
19*80 6*OS
22*20 . 6*OS
.22*33
24*77'/ 6*12
25*15 6*15
26*0§ 6*15
23*10 6*51
31*82 0*77
Continuation of tatal® 14 from fcho previous page
Susresa Calelaa hsrdroxldo Calelwa lodato
100 ' 32*23 6*77
' 33*73 6*93
' 33*98 ' 6*97
' 34*18 6*69
S6.es 7*44
38*36 7*68
' .  41*70 • . v ; 6*29'.'':
. 42*71.. ■. i«57 '
. . ' . 46*53 ., ........ 9*23
' 52*11 ... . .16*61
... . ' 85*11 .. 13*49
/ 50.....................  0 . 7*83
8*75 . , . 7*23
8*9? ... . . 8*99
.7*91 . .. 6*88
,'.10*89  . '. 6*59
15*99 6*33
16*39 : • . 6*31'
.,. 18*57 , . . .. 8*19
18*98 6*I f
.. . . 20*74 ’ " 6*20
21*54 ' 6*19
Continuation o f taftla 14 from the previous page*
Suerow Oaletaa bjrdroxida Caleiua iedate
50 22*13 6*13.
23*18 6*24
20*71 6*68
28*70 6*63
20*39 6*74
39*13 . 6*S7
81*70 7*03
• 58*01 ; . ' 7*17
35*21 ■ 7*73
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Whe% fas* solutions of constant ©morose concentration 
the solubility of ealoim iedate in  plotted ■ against • the 
concentration of added. lime, curves ar# obtained which 
would appear to ©how discontinuity* f  hat portion where _
the mathesmtical gradient 1 © conventlonally negative, may 
ho- referred to as. the #.firsb. p a rt®  ©f the curve* and the
other 'tide of the minl&m at the s^econd partfV
fho fir st part of the carve* when compared with the 
eors^apoodin® curve without,, ©morose* and agate with 
glycerol replacing.ruoro©et may ho accounted for by the 
processes*
s' + « r  *=* r  + nx* .' a»t \
S~ + OH* gT + Hjp
with ©onto association of Ga++ Ians with fT. ion®- and with
If* ions* . Indeed * i t  is. very probable that dissociation
constants ■ far the complexes-could ba.calculated* war# 
there certainty as to the values of
[^*1 u [aHJ *f . ., ■ and :rr.,,..... 4,..L....
Is*]* [03*1 • [a ] ,  [OH*] •
' ■ ■ f m -first part of the curve would no.doubt have ■ 
continued as for glycerol and line, but for a .sudden 
removal of calcium lent* presumably by one or more of the
Sucrose .species#- fh e  so lu b ility  leads to  the :
conclusion that* quite contrary to  mpmt&tion# a f te r  a 
ce rta in  concentration. of sdded'Ilme i s  passed the  calcium 
ion concentration stops increasing w ith Inoroanlng 
addition  of lima and ac tu a lly  s ta r ts  decreasing* ' ttm  
m t f  a lte rn a tiv e  explam tlon would be a s tr ik in g  change' in  
t tm m tm  o f the io n ic ' strength* an assumption fo r which 
there would its® to  fee m  Juabifieatlon* v ;' "
i t  m y  bo- s ig n lf le a n t. ibab tbs- point-.of ;maximtt® 
em ietei ion  oonoantration seems to  ©eeur a t ' the ;■ point ; 
where the so lu b ility  product of oaletea hydroxide i s  
reached* ■' Ixperiment' feat shown th a t n  decrease - in  
sucrose ceneontration fra® 0*1 M* to  o*-OS M*. re su lts  in  a 
reduction of t b i t  c r i t ic a l  oonoontration» which i t  to  ‘ 
accordance, w itb th is  view* .■■' ■■
. i t  Is  p o ssib le . th a t tht® ' p m n llm  association between 
eaXotas and sucrose might fee dm# to  m icelle formation* 
'■Stabilisation of s o l id : calcium hydroxide nuclei fey sucrose 
and fey eaeeberate ions could give m m icelle which adsorbs on 
or n m tm lim $  mom t tot*
Against" t h i s ' i t  w ill bo noted th a t a considerable 
number of experimental re su lts  l i t - o n  a  continuous lin e  
which would seem to  suggest complex formation#
m *
4 polymoXoar complex mbi&h ia atabiliatd toy $oordlmt$&
sucrose ia a possibility* ftms a complex at the fora
n + + +
h » o' - o - a
I
Ca
'■-.)
L s
would# toy virtue of its  multiple ©barge* enhanoo ttie acidity 
of the auerese* which thus forms moro ealelu® saoeharate* ■
Although i t  ia regretted that bo quantitative 
deductions haw baea mdt for solutions of suepoae with 
ehbamed lima- content* i t  i t  submitted th a t  the 
experimental results are an advsnco on previous work toy 
ICildo (4)* the i a t to r  fail# to show the normal 
ooncontrations of calcium ion# in sucrose solutions 
containing, a low oonoantmtion of l lm *  ftoo present 
results suggest th a t sucrose can too. added to- a lime 
.solution and the resulting solution is  not subj©at to  any 
oxpoeted ionio abnoraallty* But when lime 1# added to a 
sucrose solution in sufficient amount to  exhibit enhanced 
solhbiiitft then the solution possesses an abnormally law 
eoncontr&tion of e a le lm  ions*
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